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ABSTRACT 

An important question in present-day astronomy is the distribution of stars in different masses* 
called the mass^frequency function. For a system like neighbourhood of Sun or stars in a large volume 
of galaxy, the whole stellar-population may not have been born at the same time and, therefore, the 
present mass-frequency function may be a combination of different mass-frequency functions of stars 
at the time of their birth. In the present work an attempt has been made to study the observed mass- 
frequency function of a group of stars which is believed to be : born at the same time. Most 
probably galactic clusters represent such system. It is assumed that the birth of all the stars comes 
about as a single event. Theory of random-fragmentations can be applied to these systems. The 
theoretical mass-frequency function has been compared with the observed one in case of several galactic 
clusters. The two are found in reasonable agreement. 

These galactic clusters being very youn g, it is found that evolution does not have any appreci- 
able effect on these distributions. The linear representation of mass-frequency function in logarithmic 
variables, as assumed by previous workers, appears to differ from the observed mass-frequency function 
towards the low mass end. There is definitely a curvature in the observed curve. A parabola, there- 
fore* is fitted with the help of least square solution. It is found that it represents the observed curve 
fairly well in the whole range. From the comparison of the observed curve with the theoretical curve 
for random-fragmentation, the original masses of the various clusters are estimated. They arc found to 
be of the right order. 

INTRODUCTION 

According to the present belief, the stars are born from condensations in large 
intersteller clouds. These condensations may start at various points within a 
very large cloud. The stars in various regions of the galaxy are also born 
in the same way at different times. At a particular moment, a group of 
stars are born. They may follow a particular pattern in their mass distribution. 
If the birth of stars is a continuous process or if present population of the stars is a 
combination of several such births then the present-day mass-frequency function 


should be a combination of such mass-distributions. Therefore, to have any idea 
of mass-distribution in the case of an instantaneous single-event like birth of the 
stars, one has to observe a group of stars which should have a simultaneous birth. 
Probably, the most plausible groups of such stars are the galactic clusters. 

The study of the mass-frequency function and its probable analytical form 
was made bv Ferrarid" Occhieppo (1952), Saltpeter (1955) and G, Jaschek and 
M. jaschek (1957). They tried to represent the function by a power law of the 
form 


dM 

dm 


n 

^ L m 


( 1 ) 


where JV represents the number of stars having masses lying between m and 
and C is some constant. 

The former two confined to the study of stars in solar neighbourhood whereas 
the last one studied the case of three galactic clusters, using the observations of 
Johnson and Knuckles (1955), Johnson (1952) and Mawridis (1956). Since then a 
number of other_ galactic clusters have been observed in details by Mitchell and 
Johnson (1958), Walker (1956, 57, 58, 59), Johnson and Sandage (1956), Ban- 
dage (1958), Burbidge and Sandage (1958) and Arp & Sandage (1959). Also the 
ideas abcut the evolution of the main sequence, stars have been clearified in details 
by Schwarzschild (1958), Kushwaha (1957) and Heyney (1959). Consequently the 
present study is of some interest. 

OBSERVATIONAL MATERIAL 

For the present study we have chosen the following clusters 


TABLE I 


Cluster 

Age Number of Distance 

in years stars Modulus 

Sources For 

Age Number Distance 

M 67 

4x108 

500 

9*6 

Van den Bergh (1957) Johnson 

(1957) 

NGC7789 

(0-5 - 4)X lO® 

586 

1 ] *36 

Burbidge & Sandage (1958) 

NGC6940 

(0'5-4)xl08 

110 

10-0 

Walker (1958) 

Praesepe 

5X10' 

193 

6-0 

Heyney Johnson Johnson 

(1939) (1952) (1957) 

Hyades 

5x 10' 

189 

3-03 

Heyney Johnson & Knuckles 

(1959) (1955) 

M 11 

(0‘6-5)X JC' 

599 

1*21 

Johnson, Sandage & Johnson 

Wahlquist, (1956) (1957) 

Pleiades 

6x10’ 

289 

5*5 

Heyney Mitchell & Johnson 

( 1959) Johnson (1958; (1957) 

NGG129 

8x 10» 

103 

11*0 

Arp & Sandage (1959) 

NGC22G4 

3xl0« 

210 

9-7 

Walker (1955-56) Johnson 

(1957) 


J^CC 7789 :< 


A'CC 6940 V 


Praesepe : — • 


Hyades 


M 11 


Pleiades : — 


129 :■ 


J<GC 2264 


This cluster was irst studied io detail by Johnson and Sandagc (1935). 
The photographic photometry for about 450 stars and photoelectric 
photometry for 59 stars was done by making use of combinations of 
plates and filters described there. The errors in U, B, V magnitudes 
were found to be large and so they did not give the magnitudes and 
colours of the individual members. But the magnitudes were found 
to be on the Johnson’s B, V system. As this is perhaps the oldest 
galactic cluster, uncertainty due to evolutionary effect and the lack of 
reliable magnitudes of individual stars, is large. 

—The cluster is rich in membership and is also old but the definiteness 
of the membership of each star is not yet established. The study docs 
not show any differential reddening. The magnitudes given arc on 
the U, B, V system. - . 

—A three colour photoelectric photometry has been done only for those 
stars whose membership is established. The membership of the rest is 
determined statistically from the counts of the stars in different parts 
of cluster area. Reddening is found to be non-uniform over the area 
of the cluster. It is in the vicinity of a rich field and hence there is 
an uncertainty in the membership of the stars. 

Measurements of colour and magnitude for 133 physical members and 
17 non-members were made photoclectricaily and that for 60 other 
stars was done by Haffncr and Hcckmann (1957, 1940). There may 
be enough number of double stars but the reddening is found to be 
negligible. 

The magnitudes are given on the U, B, V system. The three colour 
photoelectric observations were made on most of the known cluster 
members. The membership of all the stars is not very definite on 
the basis of proper motion and radial velocity measurements. 

The three colour photometric observations on 400 stars was made' by 
the interpolation between photoelectric standards. Reddening is found 
to be large. Out of these the membership of many stars is not deter 
mined with definiteness. 

The two or three colour photometry is available for all members ex- 
cept six of them. The photoelectric observations arc good but photo- 
graphic ones are not accurate. In our calculation ouly members and 
probable members have been used. The magnitudes arc on U, B, V 
syst em. 

— The photometric data for 192 stars is available but the most probable 
members being only )05. Measurements on 26 stars were taken to 
be as standard ones and the magnitudes for the rest of the stars were 
interpolated. The magnitudes arc on U, B, V system. A differential 
reddening is found here. 

: — This cluster has a dark background and hence the field stars don’t 
create any uncertainty in determining the membership. The red- 
dening is found to be uniform and small. The magnitudes of 149 non- 
variable stars photoclectricaily and that of 61 stars photographically 
have been obtained. The data of some of the stars is not reliable due 
to the fact that there is an irregular brightness of the emission 
nebulosity. 
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COMPUTATION OF MASSES OF INDIVIDUAL STARS 

The procedure adopted for the computation of mass of each of the cluster 
members was as follows. The apparent visual magnitudes niv obtained observa- 
tionally were stransferred to absolute visual magnitude My by making use of the 
distance modulus. The bolometric correction and effective temperature T* for 
colour index (B - V) for the corresponding individual stars was taken from Schwarzs- 
child(l958). Applying bolometric corrections to absolute visual magnitudes My, 
absolute bolometric magnitudes Mb were determined. The actual mass computations 
were Carried out with the help of ibllowing equation given by R. M. Petrie (1950) 

lognz=+0-548-0'144Me+0*002Mo2 ( 2 ) 

where Ms is given by 

Md=Mb+21og(Te/5200) (3) 

To calculate the corrected magnitude Me from the absolute bolometric magni- 
tude Mbj the effective temperature T, was required. This was obtained as men- 
tioned above. 

OBSERVED MASS-FREQUENCY CURVE 

From the above calculated masses, counts were made for total number of 
stars with masses greater than a certain value of tn. This number was represented 
by N». The following Jable 2 gives this distribution for the various clusters where 
the mass is represented in terms of the solar units. 


TABLE 2 

Mass-frequency distribution for various clusters 
LogN« 


\auster* js^QQ 
lo{ 7789 

NGG 

6940 

Praesepe Hyades 

MU 

Pleiades ^ 2 ^^ 

NGG 

2264 

-0*6 



2*286 

2*277 


2*461 



-0*5 



2*286 

2*277 


2*449 



1 

o 



2*279 

2*274 


2*401 


2*322 

1 

O 



2*248 

2*250 


2*324 


2*316 

-0-2 

2*768 


2*152 

2*137 


2*212 


2*299 

-OT 

2*768 


2*004 • 

1*991 

2*601 

2*076 

2*013 

2*260 

0 

2*664 

2*041 

1*857 

1*826 

2*589 

1*940 

1*969 

2*173 

+0*1 

2*505 

2*037 

1*644 

1*672 

2*443 

1*820 

1*833 

2*097 

4-0*2 

2*286 

1*919 

1*505 

1*301 

2*297 

1*663 

1*602 

2*021 

4-0*3 

2*090 

1*568 

1*255 

1*041 

2*143 

1*462 

1-398 

1*929 

4-0*4 

2*029 

1*362 

1*079 

0*602 

1*919 

1*230 

1*146 

1*792 

+0-5 . 

1*748 

1*000 

0*477 

0*477 

1*644 

1*041 

0*903 

1*663 

■4- 0*6 

1*519 

0*699 



1*505 

0*845 

0*699 

1*477 

4-0*7 

1*255 

0*602 



1*342 

0*699 

0*602 

1*322 

4-0*8 

1*041 

0*301 



0*954 

0*602 


1*041 

4-0*9 

0*845 




0*301 



0*845 

4-1*0 

0*477 








-4-. 1 • 1 








0-477 

“T 1 1 








0*301 
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LOGfV/ig 


(For cluster M67 the distribution could not be found in above mentioned 
intervals as the magnitudes of the individual members were not available.) 

The observational curve for the mass-frequency function was plotted with 
log Nm as abscissa and log m as ordinate. 

MASS-FREQUENCY DISTRIBUriON FOR RANDOM FRAGMENTATION 

The following theoretical expression giving the distribution of elcmentJ of 
various sizes for the case of random fiagmentation is given by Auluck and Kothari 
(1954). 

N(V)- (2^/ v/3) N, (V/ Vo)^/® exp [ - 3 (V/V^)^/^ ] (4) 

where N (V) represents the number of elements with volume > V. N, - the 
total number of fragments. 

Vg — average volume of fragments. 

If we can assume that the original cloud had uniform density throughout then 
this volume distribution of various elements will also represent the mass distribu- 
tion of various condensations u€.^ stars. Therefore, to compare the theoretical and 
the observed distribution, a theoretical curve is plotted with log (V/V®) as ordinate 
and [ log N(V) — log (27r/^3 N^) ] as abscissa. Figures 1 (fl)> and I (fr) give the 
comparison of the observed curve and this theoretical curve. 



It can be seen from this curve that in general the theoretical distribution fits 
reasonably well with the observed distribution, which confirms the present belief 
that almost all the stars in the galactic clusters were born simultaneously. 

[ 


LINEAR MASS-FREQUENCY FUNCTION 

The previous workers have represented this m ass-frequency function as a 
power law of the form given by expression (1). To convert this into our representa- 
tion we integrate from m to 'X' and get 

log Nai = leg - (qj - 1) log m (5) 

where is the total number of stars with masses greater than a certain value of 
mass m and G^ is another constant. 



From the observational material this graph was plotted with log Nbi against 
log The best possible straight line was fitted through the above observed 
points for various clusters and from there the value of a was derived. These are 
given in Table 3. 

TABLE 3 


Giuster 


Value of a 

Age in years 

M 67 


2-3 

4x10® 

NGG 6940 


3-4 

(0-5-4)xl09 

NGG 7789 


2-9 

(0'5-41xl0» 

Hyades 


27 

5x10® 

. Praesepe 


2-5 

5x 108 

Mil 


3-1 

(0*6-5) X 108 

: Pleiades 


2-5 

6x10’ 

NGG 129 


3-0 

8x106 

NGG 2264 


2-3 

3x106 

[61 




It can be concluded from the table that a has a tendency to increase with the 
age, Giosters M67, Mlland NGG 129 show discordance. The magnitudes for 
individual members of M67 was not available. For the cluster Mil, the study 
of luminosity function show that it contains many yellow giants similar to M67 and 
the distance modulus also is uncertain and hence the age oi the cluster may be more 
than the given one. The cluster NGG 129 is young and observational magnitudes 
and membership is not very definite. Therefore, the values of a for these may 
not be very reliable. 


aUADRATIG MASS* FREQUENCY FUNCTION 


From figures l(£z) and i(^), it is obvious that there exists a definite curvature, 
specially towards the low mass end. Therefore, a parabola instead of a straight 
line was fitted. The various parabolae fitting the cases of various clusters 
were obtained with the help of least square solution. These can be represented 
as follow ; — 


M67 ’ ' log Nm = T271 1*937 log m 

NGG 7789 log = 2-608 - T286 log « 

NGG 6940 log N« = 2-166 ~ 1-8D5 log ;?2 

Praesepe log Nri = 1*837 — 1*641 log m 

Hyades log Nm = 1-813 - 1*933 log 

MU log = 2-543 - 0-752 log m 

Pleiades log N,h = 1-929 - 1-345 log m 

NGG 129 log Nn. = 1*932 - 1-736 log m 

NGG 2264 log Nj„ = 2-205 - 0-649 log m 


— 0-598 (bg my 

— 0*826 (log my 

— 0*719 (log my 

— 1*343 (log my 

— 1*909 (log 772)2 

— 1*723 (log my 

— 0*573 (log ?? 2 )‘- 

— 0*381 (log my 

— 0*997 (log my 


EFFECT OF EVOLUTION 

Out of ail these clusters, Hyades was chosen to see the effect of evolution on 
the mass^equency function. In the course of evolution the stars of main-sequence 
move in Hertzsprung-Russeli diagram towards the giant region, thereby increase 
the luminosity and decrease the effective temperature. The present observed 
magnitudes actually correspond to the evolved positions in H-R diagram rather 
than original main sequence positions. . The equation used for computation of mass 
IS to be applied for the main sequence. Hence one has to reduce the observed 
magnitude to the corresponding main sequence magnitude. For this purpose the 
theoretically computed evolutionary tracks available [Kushwaha (57), Heyney (1959)1 
were used. With the help of these, the necessary tracks for individual stars were 
interpolated. 

With the help of these interpolated tracks the magnitudes of the individual 
stos were obtained for their positions on the main sequence. From these magni- 
tudes the masses of the individual stars %vere recalculated. It was found as 
expected that for most of the stars the effect was neglegible due to their masses 
being small. It was only in the case of fev/ stars having larger masses that the 
enect was of any significance. On the whole the effect of this on the mass-IVequcncy 
curve was not very appreciable. It only increased the scatter a little towards the 
large mass end. 
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MASSES OF CLUSTERS 

Observed mass-frequency curves were superimposed on the theoretical curve 
given by the equation (4). The best fits were obtained as far as possible. The 
shifts in the ordinate and the abscissa gave the average mass (defined as the total 
mass of the original cloud divided by the number of fragmentations) and N^^the 
total number of fragmentations. From this one can have a rough estimate of the 
original mass of the cloud. This sort of fitting was done for the case of every 
cluster. The best fit to some extent was a matter of personal judgment. The 
values thus obtained for masses of clusters are given in Table 4. 


TABLE 4 


Masses of Clusters 


Cluster 


MASS 

Calculated 

From other sources 

M 67 

250 M© 

500 M© 

NGG 7789 

1700 MO 


NGG 6940 

600 MO 


Praesepe 

400 MO 

700 M© 

Hyades 

450 MO 

500 M© 

MU 

1400 M 0, 


Pleiades 

500 M o. 

500 M© 

NGG 129 

450 Mo 


NGG 2264 

700 M o 

450 M© T 

- ^ 


The masses available from other sources, calculated from dynamical consi- 
derations are also given in third column of Table (4). In view of the approximate 
nature of the work one can conclude from the comparison of these masses that the 
above calculated masses are of the right order of magnitude. 


CONCLUSIONS 

mass-frequency function for the 

represented . agreement with the theoretical distribution 

wem born rnoL n '"f probably that these stars of the clusters 

were Dorn more or less simultaneously. 

bv expression of mass frequency function given 

ci5?ture^il^^ the solar neighbourhood. The 

lincl?rJLtLlA\ representation than the 

agcs of dS ers^Ljh^^^^^ (D and its variation with 

ihc age of the duffer ^ tendency to increase as 
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ABSTRACT 

The formation of grassy green coloured compound between CUSO4 and sodium arsenite (pH 9*3) 
has been reported. The composition of copper arsenite arrived at by conductometric method is 
Cu(As 02)2. It is interesting to note that no complex formation takes place by the interaction of GUSO4 
andNaAsOs* The formation of the complex, Na3Bi(S203)3 in the molecular ratio of 1:3 (B^NO 3)3 : 
Na S^Os has been confirmed by electrometric titrations between bismuth nitrate and sodium 
thiosulphate at different coacentratims of the reactants both by direct and reverse methods. The composi- 
tion of the product obtained by the interaction of GuSOi and Na3As04 5has been investigated by the 
potentiometric titrations between the reactants. The complex formed can be expressed by the 
formula CuKAsO*. 

A survey of literature shows that great deal of analytical work has been done 
on the composition of copper arsenite by Stevenhagen, Sharpies, Reichard, Simon 
and G. A. Krauss^. In recent years the formation of copper arsenite in aqueous 
medium was studied by Luchinski and Ghurlikina®. On mixing sodium arsenite 
and copper sulphate solution, copper arsenite was formed, the composition of 
which depend on the condition of precipitation. Thus 2GuO, AS2O3, 2H2O was 
Termed by precipitating from cold solutions, while CuO, AsgOg, 2GuO, AsgOg or 
3GuO, AsgOg, 3H2O (depending upon the concentration of NaAsOe) was formed by 
precipitating from hot solutions. The reaction between GuO and AS2O3 in 
aqueous solution proceeds very slowly yielding GuO, AS0O3 greenish blue powder, 
L. Maiaprade* has reported the formation of bismuth thiosulphate and gave the 
formula of the complex as Na3Bi,SaOg)2, but no systematic physico-chemical 
methods have been applied for the study of the complex. Analytical study have 
only been done on the composition of copper arsenate complex. The results of 
these workers are undecisive and there is no coordination between the various 
views given so far. Keeping in view the diflBculties associated with analytical 
work change of composition of the compound during precipitation, laborious 
technique, uncontrollable factors etc., and to throw more light on the composition 
of bismuth thiosulphate^ copper arsenite and copper arsenate, physico-chemical 
studies have been adhered to and the results are incorporated in this paper. 
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EXBERIMENTAL 


A. R., B. D. H. samples of GuSO*, NaAsO.^, N33ASO4 and Bi(N05)2 were 
used. Solutions were estimated according to standard methods. Sodium arsenate 
suiution was standardised by the method of Williamson^. Sodium arsenite solution 
was estimated as described Isy Vogel®. 

(a) Gonduclomifu mmsurmenls : 

Air free conductivity water was used for the preparation and further dilution 
of all solutions. The conductance was measured on Kohlrausch Universal 
Bridge (W. G. Pyc Ltd.). The titration cell was immersed in an electrically 
maintained thermostat. The conductance obtained after each addition was 
corrected for the dilution effect by multiplying the observed conductance by F/X, 
where F refers to the total volume of the solution and X ml. is the volume of the 
reactant already taken in the cell. Titrations were also carried out in varying 
J^age of alcohol upto 20j^. 

ib) Potentiometric measunmenis : 

Potcntiometric titrations were carried out by using the electrode system: — 

Pt I GuSO^ or other solution | KGi j Calomel 

E. M. F. of the solutions was measured on Cambridge pH meter. Using different 
concentrations of the two salts in solution direct and reverse titrations were followed. 
Curves were plotted between the volume of the tiirant and E (obsd.). 

{c) Job's method of Coniinuous Varktbn : 

Complex forming sytem : Several sets of mixtures containing copper sul- 
phate and sodium aisenite in the ratio of 1:1, 1:2 and 1:3 etc, were prepared. The 
total volume of the mixtures were kept constant (50 ml.). The difference in 
conductivities was calculated and the divergencies from the additive values were 
then plotted as a function of the mixture.. The maxima in the curve show the 
ratio of the reactants for the formation of the compound in question. 


DISCUSSION 

The formation of metallic arsenites depends upon the ion concentration of 
the medium and is therefore a function of pH. 

It is observed that when GuSO^ (pH 5T) solution is added to sodium meta 
arsenite solution (pH 9*3) in cold at room temperature, a grassy green precipitate 
of copper arsenite is formed. It is further observed from conductometric 
titrations that a sharp break occurs in the molecular ratio of 1:2 of the reactants 
(CuS04;NaAs03). Therefore it can be concluded that the reaction between copper 
sulphate and meta sedium aisenite occurs in that ratio. It is interesting to note 
that a maxima is observed in the curves plotted betwxen difference in conductivities 
and the volume of CuSO^ solution added in c. c. 

The electrometric titration curves indicate the formation of the complex, 
NagBi (8^03)3, the product obtained by the interaction of Bi (NOg)^ and sodium 
thiosulphate solution, where the molecular ratio of the reactants is 1 : 3 (Bi (NOg)^ 
: Na^S^Oa). Our results are in confirmity of the observations of Malaprade 
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has been represented in (Fig 1), it is obvious to note from the Fig. 1 ^ a sha^^^ 

fail in potential is obtained at the ratio of reactants GuSO^ : NasAsUn as i.i. 



The composition of tbe coroplc?: formed be bejl’ •re.presentcd by tbe 
formula GUKASO4. 

The details \^ili be published elsewhere, 
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TABLE 2 


Nitrification in presence of 5 mg. P 



pH 



Mineral N in mg. 


Total N 
(Mineral 4* 
Organic) 
in mg. 

Treatment 

Initial 

Final 

NH,~N 

NO 2 — N 

NOg-N 

Total 

10 mg. N 

7*85 

7-70 

0-812 

0*05^ 

i*84S 

2-712 

9*87 

20 » N 

7*80 

7*60 

0 938 

0-089 

3*541 

4-568 

19*81 

30 „ N 

7*83 

7*50 

1-148 

0-092 

5*500 

■ 6-740 

29*82 

40 „ N 

7*90 

7*60 

1-665 

0*085 

3*038 

4-789 

39-90 


A study of the data in Table 2 brings out clearly that an addition of phosphorus 
resulted in a marked enhancement of nitrification, giving higher amounts of nitrate 
and other forms of mineral nitrogen than those obtained without P (Table 1 ). The 
maximum amount of nitrate nitrogen formed was 5*5 mg. as against only 2*2 15 mg. 
in the absence of P at the same level of N. This indicates that phosphorus exerts a 
beneficial influence on N-availability. In this case also, the level of 30 mg. N per 
flask produced the highest amount of NO 2 — N, NOs^-N and total mineral nitrogen. 
The low return in mineral nitrogen after 30 rag. N suggests that beyond this level 
there was an increase in the conversion of mineral nitrogen into microbial tissue. 
The initial and final pH did not show much difference. 


TABLE 3 


Nitrification in presence of 10 mg. P 



pK 



Mineral N in mg. 


Total N 
(Mineral Hh 
Organic) 
in mg. 

Treatment 

Initial 

Final 

NHg-N 

NOa'-N 

NOs-N 

Total 

10 mg. N 

8*00 

7*50 

0-910 

0-060 

3-094 

4*064 

9-87 

20 „ N 

7*90 

7*55 

1-134 

0*084 

6*358 

7*576 

20-02 

30 „ N 

7*85 

7*50 

1-484 

0*110 

10 000 

11*594 

29-99 

4(^ „ N 

7*90 

7*55 

2-296 

0-088 

4-643 

7-027 

39-90 


The data in Tabic 3 further demonstrate that the presence of phosphorus has 
a definite stimulating effect on the process of nitrification. Moreover, there was a 
corresponding rise in nitrification as the level of P was increased from 5 mg. to 10 
mg. per flask. The amount of NO 3 — N produced with 30 mg. N in the presence of 
5 mg. P per flask was 5*5 mg., whereas it reached a value of 10 mg. in the presence 
of 10 mg. P, The data also indicate that as compared to the highest amount of 
NOj-^N the maximum quantities of N and NO^-N were appreciably much 

less, being only 2*290 mg. and 0*11 mg. respectively. It may be inferred, that under 
favourable conditioBs the nitrifyiag organismi can vert these forms to NQ^ — N at 
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a rapid rate, allowing little for accumulation. In this series again, tbe greatest 
nitrification was noticed at 30 mg. level of N and there w^as no substantial differ- 
ence between the initial and final reaction. 


TABLE 4 

Nitrification in presence of 15 mg. P 



pH 



Mineral N in mg. 


Total N 
(Mineral 4- 
Organic) 
in mg. 

Treatment 

Initial 

Final 

NHs-N 

N02~N 

NOa-N 

Total 

10 mg’ N 

8*10 

7*95 

0*882 

0-052 

2-000 

2*934 

9-84 

20 „ N 

8*10 

7*90 

0*986 

0*070 

4*140 

5-196 

19-81 

30 ,, N 

8 05 

7-75 

1-106 

0*095 

5*857 

7-058 

29*75 

40 „ N 

8*15 

7*80 

2*184 

0*083 

3*875 

6*142 

39*90 


From a critical scrutiny of the figures given in Table 4 it will be seen^ that 
although the presence of phosphorus had promoted nitrification^ an increase in its 
amount from 10 to 15 mg. per flask brought about a significant depression ia tbe 
formation of NO3-N. As shown in Table 3, the maximum quantity of NOa-N 
formed in the presence of 10 mg, P was as high as 10 '0 mg. per flask, but this 
value fell down to 5*857 mg. when the level of P was increased to 15 mg. ^ Other 
forms of N also recorded a depression generally. This may be due to toxicity of 
this higher level of P. Like the previous experiments, best nitrification was recor- 
ded at the level of 30 mg. N per flask. 


tABLfe 5 

Nitrification in presence of 20 mg. P 


Treatment 

pH 



Mineral N in mg. 


Total N 
- (Mineral -{■ 
Organic) 
in mg. 

Initial 

Fiual 

NHs-N 

NOj— N 

NO3— N 

Total 

10 mg. N 

8*10 

7*90 

0-868 

0*043 

1-519 

2-430 

9-87 

20 „ N 

8*05 

7-90 

0-994 

0-062 

3-375 

4*431 

19-95 

30 „ N 

8*10 

7*80 

i-078 

0:078 

3-880 

5*036 

29-99 

40 ,, N 

8*10 

7*85 

1*834 

0*078 

2-678 

4*590 

40-01 


A careful perusal of the figures in Table 5 illustrates that an increase in the 
level of phosphorus from 15 to 20 mg. per flask caused a further reduction in the 
process of nitrification, Tbe amount of NO3 — N in the presence of 15 mg. P was 
5*857 mg. (cf. Table 4), and only 3*88 mg.5 practically as low as in the absence of P, 
when the level of phosphorus was raised to 20 mg. pei flask. This observation 
further confirms the toxic effect of higher levels of P on nitrification. The maximum 
NO3-N production was noted at 30 mg. level of N in this case as well. 


^ The eifect of varying levels of P on nitrificauori has been represented graptiie- 
ally in figure which reveals that the amount of NO 3 -N increased with an 
increase in the level of P from 5 to 10 mg. per flask. An increase beyond this 
level resulted in pronounced retardation of nitrification, showing 10 mg. P as the 
optimum level for an efficient nitrification. It also shows that 30 mg. N is the 
optimum level of N for the saihe purpose. 



CONCLUSIONS 

with Pm?®’' addition of phosphorus along 

Tact tS Xsnhnrn,? of the latter. This may be attributed to thf 

lasm an<? as^surh th essential as nitrogen for the building up of protop- 

microbial develnnmpnt^ presence_ of ^ospborus in the medium is conducive to 
lack S ohSirn, activity. On the contrary, a deficiency or complete 
sms thc?ebv^e.nU,-!.l ^ decrease in the number and activity of these organi- 
vations ofWaksman?]^ 97 ^°'^^.t is in agreement with the obscr- 

however noticed onli } The increase in nitrification was, 

gradual decrease in r ^ flask, and then there was a 

and 20 mg Thi«? nhnuz level of P was increased to 15 

is limited to a certain influence of phosphorus on nitrification 

limited to a certain levcJi the higher levels reflected a toxic effect. 
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As regards nitrification at the individual levels of nitrogen, a corresponding 
rise was obtained as the amount of nitrogen added to each flask was increased 
successively from 10 to 30 mg. But when the amount was increased to 40 mg., a 
significant diminution in this process was observed. On the other hand, there was a 
continuous rise in the release of NH, — N with an increase in the quantity of nitrogen 
supplied to the medium. Nevertheless, since the amount of NHg — N was, in general, 
relatively much smaller, it may be reasonable to conclude that the best nitrification 
occurred at the level of 30 mg. N. This indicates that both the presence of N and 
P and their balance are equally important for their mutual absorption. The need 
of recognizing this fact when applying these fertilizers to the soil particularly in the 
form of mixtures is, therefore, emphasized. There was no marked difference in the 
initial and final pH values of the medium, presumably due to the neutralization of 
the various acids produced during microbial activity by calcium carbonate added in 
the culture solution. 
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CHEMISTRY OF VANADIUM : PART VII 

VISCOMETRIG STUDIES ON THE FORMATION OF COMPOUNDS 
OF VGI3 WITH SOME TRANSITION METAL CHLORIDES 
IN ABSOLUTE ALCOHOL 


By 

SARJU PRASAD and KATLASH NATH UPADHYAYA 
Chemicaf Laboratories, Banaras Hindu Urtiversity, Varanasi' 

[Received on 30tli December, 1960] 

ABSTRACT 

formation of double compounds of VCI 3 with the chlorides of Fe (ic), Co, Ni, Cu (ic), Zn, Cd 
».na Hg (ic) has been studied viscometrically. These compounds have also been isolated in all the cases 
except in the case of ferric chloride, their properties studied and structures discussed. 


Peterson^ and Piccini and Giorgis^ studied tlie formation of double fluorides 
of vanadium in trivalent state v^ith monovalent and divalent cations. With alkali 

of the type Mg [VF,] anhydrous or [VFjHaO] or 
and with divalent metals (Go, Ni, Zn or Gd) of the type 
M [VF5.H2OJ.6H2O or formed. Stabler^ prepared complex chlorides of vanadium 
by concentrating VGlg and alkali metal chlorides saturated with HGl which are all 
rrt ^ VCl3.2!^Gl,H20 (M = alkali metal). Lock and Edward* obtained 
KVGI4 from a mixture of VGI3 and KGl dissolved in HGl. 

review of the literature shows that the formation of double chlorides 
of VGIg with any transition metal chlorides has not been studied. The present 
work was therefore, undertaken with a view to studying the formation of these 
compounds viscometrically and also by isolating them wherever possible. 




OdSoL % L'’h;s °LTu'’!S’omeSX^^ “ 

experimental 

All the chemicals used were of Merck’s or R n w . . 

.dd .Morid. dy 
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rides of Gu (ic), Gd, Go and Ni by beating the hydrated chlorides either as such or 
in a current of HGL These were dissolved in absolute alcohol and the metal and 
chlorine estimated in a known volume of the solution. The solution then diluted to 
give OTM solution in each case. 

The monomeric system was followed in determining the viscosity of the ed 
solutions. Two sets of experiments were carried out. In one quantity of the VGI3 
sola was fixed and that of the other chloride varied and in the second the quantity 
of the other “ chloride was fixed and that of VClj varied. The total volume was 
made upto 50 c.c. with alcohol in each case. Viscosities of different compositions 
were plotted against the volume of the chloride solutions whose volume was varied 
as shown in figs, i and 2. 


Bg i 



The mixture of solutions corresponding to the peak observed in the graphs 
w^as concentrated and the compound crystallised in vacuum. It was dried over 
freshly fused GaGl.^, in a vacuum desiccator and analysed. The results arc given in 
the Table. 
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TABLE 

Formation of compounds of VClj with some transition metal chlorides in abs. alcohol 



er 


Vanadium 

Other Metal 

Chlorine 

Org. matter 



2 

Colour of the 

/o 

% 


0 ‘ 

% 



CO 

0 

compounds 









Probable form ulae 

6 

obs. 

calc. 

obs. 

calc. 

obs. 

calc. 

obs. 

calc. 


K 

CoClj 

bluish green 

15*02 

15*26 

17-80 

17-c5 

53-00 

53*16 

14*18 

13*78 

CO [VCUC 2 H 3 OH] 

2. 

NiCIj 

dark green 

1501 

15-30 

17*72 

17-62 

5292 

53*28 

14*35 

13-81 

Ni tVGlsG^HsOH] 

3. 

CuCl 2 

greyish blue 

15*38 

15*08 

18*50 

18*80 

52*85 

52*52 

13-27 

13*61 

Gu [VGI 5 G 2 H 5 OH] 

4. 

ZnClg 

greyish white 

15*19 

14*99 

19*12 

19*24 

52*70 52-24 

12-99 

13*53 

Zn [VGI 6 C 3 H 5 OH] 

5. 

CdCls 

greyish green 

13*28 

13*17 

28*89 29*06 

45*36 

45*88 

12-47 

11*90 

Cd [Va 5 G 2 H 50 H] 

6 . 

HgCl 2 

greyish black 

10-24 

10-73 

42*38 

42-23 

37*60 

37*37 

9-78 

9*68 

Hg [VClfiC.HsOH] 


Fta.Z 
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DtSCUSSfON 


The analysis of the compounds shows that one molecule of alcohol is * always 
present in all the compounds isolated and any attempt to expel this resulted in the 
decomposition of the compound. All the compounds are coloured, crystalline and 
hygroscopic and are easily hydrolysed by water, dilute acid and alkali solutions. 
They are soluble in alcohol, ethyl-acetate or acetone but insoluble in benzene, 
toluene, carbon tetrachloride or ether. When heated they decompose below 

2CK)^a 

An examination of the viscosity-concentration curves in both the set of experi- 
ments shows that the maxima are obtained at 1 : 1 proportion of VGla to the metal 
chloride in each case, which indicates the formation of complex compounds at this 
composition. It is further cenfirmed by the isolation of these compounds in all the 
cases except ferric chloride, with which a pure compound was not obtained. On 
the basis of the results of the viscosity measurements and the analysis these com- 
pounds may be represented as M'' [VClgCgHgOHJ. 
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POTENTIOMETRIG STUDIES ON THE OXALATO-GOMPLEXES OF 

TITANIUM (IV) 

By , 

SARJU PRASAD and JAIBENI PRASAD TRIPATHl 
Chemical Laboratories, Banaras Hindu University, Varanasi 
[Received on 30th December, 1960] 


ABSTRACT 


• A s\stematic study on the formation of complex-compounds when a solution of titanium tetrachh 
oride in HGl is treated with an aqueous solution of oxalic acid, sodium, potassium • or ammonium oxalate 
has been carried out potentiometrically and results show the existence of several complex compounds in 
each system. 


A series of complex titanyloxalates such as K2[0=iTi 0x2],2H20 have been 
reported by Pechard^ Spence, Wrigley and Spence and Sons’^ prepared titanium 
oxalate by heating a mixture of titanium sulphate and alkali oxalate or titanium 
alkali sulphate with oxalic acid. Peter Spence & Sons Ltd.^ obtained a precipitate 
of basic titanium oxalate by mixing Ti(IV) in mineral acids and solutions 
of oxalic acid, alkali or alkaline earth oxalates under suitable conditions, 
the presence of chloride ions gives a purer pruduct. Besides Raman spectra 
and polarographic study also^ indicate the existence of the oxalato-complexes 
of titanium. Gupta^ has studied the mode of vibration of the C204~“ions and 
obtained certain Raman shifts for potassium titanium oxalate. Pecsok® has 
investigated polarographic waves of Ti (IV) in H2C.P4 solution at pH less than 3 
and established the existence of oxalato-Ti (IV) ion. 

The^ present work constitutes a study of the complex compounds formed 
between titanium tetrachloride with oxalic acid, sodium, potassium or ammonium 
oxalate. 


EXPERIMENTAL 


The chemicals used were of Merck’s or B. D, H. Extra Pure quality and 
tita»ium tetrachloride was prepared by the method of Biltz, Sapper, and Wunne- 
berg®, and extracted with 2N HGl. The aqueous solutions of oxalic acid, and 
sodium, potassium or ammonium oxalate of 0'20M and 0*25M and titanic chloride 
in 0‘5N HGl of OTM were prepared. The following cell is formed using 
saturated calomel as reference electrode and the metallic titanium or bright 
platinum wire as indicator electrode. 


Ti or Ft 


TiCl4 

0*5N HGl 


1 KGl 
! (Sat.) 


Hg,Gl2,KCl (Sat.) 



The potentials were measured by Pye model potentiometer and a sensitive mirror 
galvanometer was used to determine the null point. 


10 c.c. of titanic chloride solution were taken in the titrating vessel, stirred 
well for about iO- 15 mins, and the relative voltage (Ej of the above cell was 
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determined at the room temperature by balancing it against an accumulator cell. 
The oxiate solution was t^n added from the burette, stirred well for a few mins 
and thrvdtage was determined. The A E/ A c.c. values were calculated at each 
volume and the graph AE/ A c.c. against the volume of oxalate solution in c c. was 
drawn. The breaks in the curves correspond to complex compounds of compositions 
indicated by the volume of the oxalate solution added. 


DISCUSSION 


Fias 1-4 and 5-8 in which the indicator electrodes were Pt and Ti metal 
respectively indicate the existence of four well-marked maxima cormspon “S ° 

the^ molar^ proportions of titanium tetrachloride Vet ihe^ pcak^ 

1-4. Though the breaks occur at the same point in both the case y P 

obtained wUh bright Pt are higher than those with Ti., the first ^ 1.2) 

may be explained by the assumption of two stage ionization ol the lormer . 


TiGl4?^TiGl2++ + 2G1- 

TiGlj*+-^Ti+*++ + 2G1-. 


On further addition of the oxalate solutions, [Ti. SGjO*]"" and [Ti. 4G.2O4I 
radicals arc formed, which aic defined by the third and fourth breaks in the curves. 
The overall results correspond to the formation of the following four compounds 
in all the cases : 


TiGl,. G,04 ; Ti (G^O*), ; 

Ti (G,04 )».Mj GjO* or M.^ ^[Ti (GjO*),! 

Ti (C»04 )j. 2M2 C,04 or M4 [Ti (GPi)*! 

where M denotes hydrogen, sodium, potassium or ammonium ion, but with 
potassium and ammonium oxalates two more maxima corresponding to the molar 
proportion of titanic chloride and potassium or ammonium oxalate 1:5 and 1:6 are 
obtained (vide figs. 3 and 4, 7 and 8). Those compounds may be represented as: 

Ti (CaO,),. 3 MjG,04 

Ti (Ca04)4. 4M2GaO*. 
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CHEMISTRY OF VANADIUM PART- VIII 


VISGOMETRIC STUDIES ON THE FORMATION OF COMPOUNDS OF 
VCI3 WITH PHENOLS IN ABSOLUTE ALCOHOL 

By 

SARJU PRASAD md KAILASH NATH UPADHYAYA 
Chemical Laboratoms, Banaras Hindu Ummrsii)\ Varanasi 
[Received on 30th Dcccoaber, 1950] 

ABSTRACT 

Viscometric measurements of the systems VCl 3 -Phcnols in abs. alcohol have been carried out. The 
results indicated by the viscosity- ccKQposition curves have been interpreted for the foimation of 
compounds. 

Vanadium trichloride is known to form ‘ato’ type complexes with phenols 
Sidgwicy has reported that grassgreen crystals of the composition (NHJ3[V(G6H402)jj, 
2H^O are separated when a concentrated solution of VCl 3 is treated with catechol 
and ammonia is added. Many other phenolic compounds of vanadium in higher 
valency states are known which are all oxy compounds and mainly of the chelate 
type. 

A review of the literature shows that the action of vanadium tiichloiidc on 
pure phenols in organic solvents has not been studied either by analytical or by 
physicochemical methods. The present work was, therefore, undertaken with a 
view to studying the formation of compounds of VCl 3 and phenols in absolute 
alcohol by viscometric method. 


EXPERIMENTAL 

All the chemicals used were of Merck’s or B, D. H. extra pure quality and the 
alcohol was distilled twice over quick lime and finally over anhydrous copper 
sulphate. VCI3 was prepared by the method of Weinland and Feigc'^ and dissolved 
in absolute alcohol and vanadium and chlorine estimated in a known volume of 
the solution. It was then diluted to give O' IM solution. The phenol solutions of 
the same strength were also prepared in absolute alcohol in each case. 

The monomeric system was followed in determining the viscosity of the 
mixed solutions. The quantity of the VCls solution was fixed and that of phenol 
varied and the total volume was made upto 50 c. c. with alcohol in each case. 
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Viscosities of different compositions were plotted against the volume of the phenol 

solution (ef. fig, 1 & II). 
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DISCUSSION 

From the viscosity-composition curves it is evident that a distinct peak is 
obtained in each case, which indicates the formation of complex compounds. With 
nitrophenols and monoh>droxy phenols it is obtained at 1 : 3 ratio of VGlj to phenol 
and with amino and polyhydroxy phenols except catechol at 2:3. In the case of 
catechol it is obtained at 1:1. It appears that the union of VGlj and phenol is 
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taking place in solution by coordination, the oxygen of phenolic OH group and N 
of NHj group serving as donor and vanadium as acceptor. The nitro group. 





however, shows no tendency for coordination. On the basis oi the above observations, 
th«se compounds may be assigned the following structures : 


[ 31 ] 



PliOH -4v— ct 

\ 

PilOH C£ 

in the case of monohydroxy or nltrophenols * 
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in the case cf resorcinol 
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o 


and f 


^V—Cf 

NH" 




hoQ 


NH2 

in the case of »«aminopriencl 


^^2 a^cf 


Attempts were made to confirm these results by isolating the compounds but 
it was not successfuL 
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STUDY OF THE PRECIPITATES BY PHYSICO-CHEMICAL 
^ METHODS 

PART I: ELECTROMETRIC STUDY OF VANADYL FERROGYANIDE 

By 
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University of Saugor^ Saugor {M. P.) 

[Received on Sth Januar/, 1961] 

ABSTRACT 

The reaction between vanadyl sulphate and potassium ferrocyanide has been studied by the applica 
tion of monovariation methods in two ways. In the first case the volume of vanadyl sulphate was kept 
constant and that of equimolar potassium ferrocyanide varied. In the latter case the volume of potassium 
ferrocyanide was kept constart varying that of equimolar vanadyl sulphate. 

Electrometric measurements were carried on using M/40 and M/60 solutions each of vanadyl sulphat 
and potassium ferrocyanide. The experimental curves in both the cases indicated a break nearly corres- 
ponding to the formation of vanadyl ferrocyanide (VO^a [Fe (GN, ]. It was, however, seen that the equi- 
valence point docs not exactly correspond with the theoretical values of the solutions required. In the first 
case the volume of the solution required is slightly less and in the second case slightly more than the 
theoretical values. 

The experiments, when repeated in presence of 10. 'i and 20% alcohol? show that the volumes of 
solutions required gradually approch the theoretical values. It is clear, therefore, that the discrepancy 
between the observed and theoritical values is due to (t) the greater adsorption of. ions by vanadyl 
lerrocyanide and (it) its hydrolysis. 

Attempts to study the applicability of potassium ferrocy anide as a gravimetric 
reagent have led to the investigation of its reactions with several common metal 
salts by analytical and physico-chemical methods. Bhattacharya and co-workers^-^ 
have studied a number of common metal ferrocyanides. However, except with 
thallium®, uranium^ and thorium® not much work has been done to words the study 
of the ferrocyanides of rarer elements. There is no account in literature about the 
natflre of vanadium ferrocyanide. It was, therefore, thought worthwhile to take up 
the conductometric and pH study of the reaction between vanadyl sulphate and 
potassium ferrocyanide. 

EXPERIMENTAL 

Solutions of vanadyl sulphate (B.D.H.) and B. D. H. Analar sample of potas- 
sium ferrocyanide respectively in conductivity water were used for the experiments. 
The conductance measurements were done with a Doran Conductivity Bridge, while 
a Beckman glass-eicctrcde pH-meter, model H/2 was used for pH measurements. 
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Vanadyl sulphate and potassium ferrocyanide when mixed up in solution yield 
a yellowish precipitate. MonoYariation method® was .taken recourse to in order to 
determine the composition of the vanadyl ferrocyanide formed, Thte method was 
applied in two ways. In the first case, the volume of vanadyl sulphate (M/40) 
was kept constant (8 ml.) and the volume of potassium ferrocyanide (M/40) 
was varied still maintaining the total volume constant (20 ml.) by the addition of 
conductivity water. In the second case, the process was reversed by keeping the 
volume of K^Fe (GN)g (M/40) constant (2 ml.) varying that of vanadyl sulphate of 
the same strength. Similar sets were prepared taking M/80 solutions. The con- 
ductance and pH measurements were carried out as usual. The experiments were 
repeated with 10% and 20,4 alcoholic solutions in the case of M/40 vanadyl sul- 
phate and potassium ferrocyanide. A break is seen in the curves obtained by con- 
ductivity (fig. 1, 3, 5 and 7 curves A and B) and pH measurement (figs, 2, 4, 6, and 
8 curves A and B) showing the formation of vanadyl ferrocyanide at that point. 

DISCUSSION 

tt is seen that in the first case when the volume of vanadyl sulphate is kept 
constant (8 ml.) the curves exhibit a break corresponding to nearly 4 ml. of potas- 
sium ferrocyanide solution. In the second case also the break is obtained at about 
4 ml. of vanadyl sulphate solution for a constant volume (2 ml,) of potassium fer- 
rocyanidc solution. These values nearly correspond to the theoretical amounts of 
K 4 Fc(GN )6 and VOSO* required for the formation of the compound (VO), 
[Fc (GN)]j according to the following equation : 

2 VOS 04 +K 4 Fe (GN),ss(VO), [Fe (GN)g]+2K,SO. 

The possibility of the formation of K,VO [Fe (CN),] is thus ruled out. The 
slight increase in the conductance (6g. 1) iu the beginning on the addition of potas- 
sium ferrocyanide to a constant volume of vanadyl sulphate is due to the replace- 
ment of VO++ ions by the relatively fast moving K+ ions, till the attainment of the 
equivalence point. After this no more of vanadyl sulphate is left for being preci- 
pitated with potassium ferrocyanide and the whole of the potassium ferrocyanide 
added contributes to the conductance of the system resulting in a sharp rise. 

The second case can be explained similarly. The conductance ('Eg. 3) i - 
reases till the equivalence point due to the replacement of Fe (GN', *- ions b the 
less mobile SO*- ions. A sharp increase in the conductivity, obicrv/d later remits 
from the addition of excess of vanadyl sulphate. ’ 

^ The pH of the system m :hc first case (fig, 2) undergoes a slight increase in the 
mitral stages due to the neutralization of the free acid from the vanadyl sulphate by 
the alkali obtained from potassium ferrocyanide. . - The equivalence point where the 
whole of vanadyl sulphate is used up is indicated by the inflexion in the curve. 
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Addition of excess of potassium ferrocyanide causes a smooth increase in the pH oi 
the system due to the basic nature of the added substance. 

The pH of the mixture in the second case (fig. 4) first shows a slight decrease 
till the equivalence point due to the neutralization of the alkali from potassium 
ferrocyanide by the acid from vanadyl sulphate. Further decrease in pH after the 
equivalence point is attributed toraddition of excess of acid salt vanadyl sulphate. 

The amounts of solutions required however, do not exactly correspond with 
the theoretical values. It will be evident from the curves (fig. 1 and 2, curves A 
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and B) that the volume of KiFe (GN)6 required is slightly lower than the theoretical 
value. The curves (fig. 3 & 4, curves A and B), on the other hand, reveal that the 
volume of VOSO4 sufficient for the formation of vanadyl ferrocyanide is a little 
more than the theoretical value. To explain this shift from the theoretical values, 
experiments with alcoholic solutions were carried out. A study of the curves with 
10% (figs 5, 6, 7, & 8 curves A) and 20% alcoholic solutions (fig. 5, 6, 7, 8 curves B) 
respectively shows that the volumes of solutions required, gradually approach the 
tbeoritical value. 
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Ki,Ft(.CN)i Cinml’i 
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The discrepancy between the observed 
mcdiuna and the subsequent agreement between 
solutions, arc in conformity with the results obtained by 
on metallic ferrocyanides. 


Fif ( 7 ) 



and theoretical values in aqueous 
the two values in partially alcoholic 
earlier workers (foe. cit>) 
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ottrye A: jo7, alcohol 
cuFV€ S. 10 J alcohol 


The reason for the discrepancy can be sought in the greater adsorption of the 
cation VO+'^ than that of [Fe (CN)^]^- by vanadyl ferrocyanide and its probable 
hydrolysis in aqueous solution. The settling , down of the vanadyl ferrocianide in 
solutions with excess of vanadyl ion indicates that there is relatively more adsorp- 
tion of VO’^'^ ions when K^Fe (GN)^ is added to vanadyl sulphate solution. There 
is, therefore, a decrease in the number of ions available for reaction with 

K 4 Fc(CN)g and consequently the volume of K^Fe (CNjg required for precipitation 
is less than the theoretical value. Due to the same reason the amount of vanadyl 
sulphate required is more when it is added to K^Fe (GN)6 solution. An extra 
amount of vanadyl sulphate is utilized for providing the adsorbed ions* 

The results with alcoholic solutions indicate the possibility of hydrolysis of vanadyl 
ferrocyanide in aqueous medium to yield [Fe tGN)6]^” resulting in the requirement 
of less K 4 Fe (GN )5 in the first case and more vanadyl sulphate in the second^ In 
alcoholic solutions the hydrolysis and adsorption are suppressed, as a result of which 
the volumes of solutions required approach the theoretical values. 
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Studies on the adsorption and the quantitative nature of vanadyl ferrocyanide 
are in progress. 

The authors express their thanks to Prof. A. K. Bhattacharya, Head of the 
Chemistry Department, University of Saugar, for his keen interest in the work. 
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ABSTRACT 


^ he^ precipitation of vanadyl ferricyanide has been studied electrometrically by means of 
Mon ovariation method in two ways (i) taking constant volume of vanadyl sulphate and varying that of 
equimolar potassium ferricyanide and (fz) vice versa. 


* 1 . r ^^^^^^o™ctric measurement data in case of M/40 and M/60 solutions, when plotted indicated 

the formation of vanadyl ferricyanide (VO)K[FelCN)6]. It was however, seen that in the first case 
me volume ot K3 Fc(GN) 6 required is less than the equimolar vanadyl sulphate, whereas in the second 
case tJic volume of vanadyl sulphate required is more. 


esj^riments, when perfoimed in presence of 10% and 20% alcohol bring a better 
observed values, showing thereby that the discrepancy may be due 
ions ^ greater adsorption of VO** ions by vanadyl ferricyanide and its hydrolysis to liberate [Fe(GN)sJ®- 


In part I of this series, we have studied the precipitation of vanadyl ferrocy- 
anide electrometrically. We are reporting, here, the results of our observations 
with the system VOSO4 KsFe (GN)g by conductometric and pH methods, Bhatta- 
charya and co-workers have applied physico-chemical methods to investigate the 
fcrncyanides of Fe^rous^ Ferric^^ Mercury*, Cobalt^ Zinc^ Copper® and GadmiumL 
UranyP salts have been shown to yield insoluble ferricyanide with KjFe {GN)q. 
It seems no work has so far been done with vanadium salts and potassium 
ferricyanide. 


EXPERIMENTAL 

A gelatinous yellowish green precipitate is seen to be forme# when a solution 
of potassium ferricyanide is added to vanadyl sulphate solution. Analysed samples 
of vanadyl sulphate and potassium ferricyanide were taken and conductometric 
and pH rneasurements were carried on with their solutions in conductivity water. 
Instead of using the method of direct titration. Monovariation method^ has been 
utilized, by first keeping the volume of vanadyl sulphate constant (6 ml.) and 
varying that of equimolar potassium ferricyanide solution and next keeping the 
volume of KgFe (GN)^ constant (5 ml,) altering that of equimolar vanadyl sulphate. 
1 he total volume was kept constant (20 ml.) in both the cases. 

The results of the conductivity and pH measurements with M/40 and M/60 
solutions have been plotted in figs. 1, 2, 3, 4, curves A and B. The results with 
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10% and 20% alcoholic solutions in the case of M/40 vanadyl sulphate and potassium 
ferricyanidc solutions have been shown in figs. 5, 6. 7 and 8, curves A and B; 


F,'^.(5) * 










Thff Waks ia the curves indicate the point wkere the Vanadyl ferricyanide is 

forfficd. 

DISCUSSION 

A study of tbe nature of the curves reveals that cither of the constituents 
xema'inihgeofistant, the break corresponds to nearly equal volume of the variable 
equimolar component. It is clear, therefore, that equal volumes of equimolar 
vanadyl sulphate and potassium ferricyanide react to form vanadyl fcrricyanidc. 
The dompositioii of the compbund should, therefore, be VO K [Fc (GN)*] as seen in 
the following equation : 

VOSO, + K, [Fe(CN),] = VO K [Fc(GN)«] + K,SO* 

The nature of the conductivity and pH curves can be explained in the same 
Way as has bech done in part I of this communication.^® 

The volumes of solutions required arc* however, not exactly equal, that of 
K|Fc (GN)0 being slightly less than the volume of equimolar vanadyl sulphate 
(figs I and 2^ curves A and B). The curves in Figs. 3 and 4, on the other hand, 
show that the volume of vanadyl sulphate required is more than that of -cuimolar 
potassium ferricyanide. However, the curves with 10% and 20% alcoholic 
solutions (figs. 5, 6, 7, 8, curves A and B) show more and more agreement with 
theoretical values. 

The discrepancy between the observed and the theoretical values in aqueous 
tnedium as against the aqueous-alcoholic can be explained in the same manner as 
in Part I from a consideration of relatively more adsorption of VO*^ ions by 
vanadyl ferricyanide solution and the hydrolysis of vanadyl ferricyanide to liberate 
tFe(GN)fl*'* The adsorption and hydrolysis of vanadyl ferricyanide are suppressed 
in alcbbolic solutions, thus bringing a better agreement between the theoretical and 
observed values. 

The authors express their thanks to Prof. A. K, Bhattacharya, Head of the 
Department of Chemistry, University of Saugar for his keen interest m the progress 
of work. 
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ABSTRAGT 

The precipitation of cerous molybdate from cerous chloride and sodiuna molybdate has been studied 
electr^etrically using the Mono variation method in two ways, {{) keeping the concentration of Gc+++ ions 
constant and varying that of MoOi" “ ions, and (ii) vice-versa. 

The conductometric study in both the ways was carried out using equimolecular solutions of the 
reactants at three different dilutions, viz., M/30, M/40 and M/60. The experimental curves exhibit only 
one break nearly corresponding to the formation of normal cerous molybdate, Ge 2 (Mo 04 ) 3 . 

It was observed in each case that the point of equivalence did not occur at the theoretical value. 
Thus the precipitation of cerous molybdate required a lesser amount of cerous chloride in the first case 
and greater of sodium molybdate in the second case, as compared to the calculated equivalent amounts. 
To find out whether this discrepancy was due to the hydrolysis of the precipitated cerous molybdate or 
due to unequal adsorption of cerous and molybdate ions by the precipitate, the above experiments were 
repeated in the presence of two different concentrations of alcohol, namely, 10% and 20%. The presence 
of alcohol did not bring about a closer approximation between the calculated and observed values, and 
hence it was assumed that the difference in the two values was due to a greater adsorption of Ge^+f ions 
than of MoO^- ~ ions by the precipitated cerous molybdate. 

In the case of pH study the experiments were performed in the same way as described above. The 
results of the pH measurements were found to be in complete accord with those of conductance 
measurements. 

The composition of the precipitate was also confirmed by estimating analytically the cerium and 
molybdate contents in it. 

The importance of the study of the composition of insoluble substances by 
Physico-chemical methods has been realized by a number of workers. The physico- 
chemical investigation of the composition of metallic molybdates has an interesting 
feature that the molybdate ion, according to Jander and co-workers^, exists in the 
following states of aggregation depending on the pH of the solution, the various 
ions being pH reversible and supposed to exist in equilibrium 

MoO*’" MoaOji^- MojO,!®" 
pH 14 to 6*5 6’5 to 4*5 4*5 to 1*5 

Gupta and Saxena^’^ have carried out a potentionmetrie study on mercury 
jnolyMate and concluded that normal mercury molybdate, HgO. MoO^ is formed 
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at pH 2. The normal silver molybdate. AgsMoO* has been worked oat physico- 
chcmically by Saxena and Gupta*’*. They* have also reported from cmidiictaiw^ 
measurements in aqueous and alcoholic-aqueous media, the formatton rfdi- and 
tri- silver molybdates, the ©impositions of which arc pH-dependcnu Rama^ ^ 

has shown that for the predpitatioe of Ca, Sr, Ba and Gd molyfad^^ a mimmum 

pH of ' 4*1B fe 

P i^r» prepared cerous molybdate by fmmg a mixture of anhydrous 

cerous diloride and sodium molybdate and A. Gossa* observed that a solutim of 

ocrous salt gives a gelatinous white precipitate when treated with sodmm molyb^e; 
the precipitate becomes ycEow and crj^tallinc. No attempt has, however, been 
made to study this reactitm physicochemically. 

The authors here report the results of the electrometric studies on the rcaaion 
between cerous chloride and sodium molybdate. It bas been observed that 
irrcsnective of the dilutions used, when either of the two reactants is ^ded to a 
cons^t volume df the other, only normal cermis molyMate, (>, (^<^4^, is form^. 
Freshly predpitated cerous molybdate is white and gclatmous m nature, but 
•with lapse of time it becomes yellow and crystalline, an observation similar lo 

that of Ckflsa (loc- «*•) 

experimental 

Cerous chloride (B. D. H.) solution was prepared in conductivity water. The 
cerium content of the solution was extimated by precipitating cerium as cerous 
subsequent igniUon to ceric oxide and wc^hing as GeO,. A recrystallizcd 
sample of sodipm molybdate (E. Merck) was used, its solution being prepared in 
conductivity water. The conductance measurements were carried out at a tem- 
perature of 25° C, using a Doron Conductivity Bridge, and a glass electrode Beckman 
pH-meter was used for pH measurements. 

In studying the system GeCl, - NajMoOs-HjO recourse was taken to the 
monovariation method^*, rather than the simple titration, because of the error 
• I ed in the titration due to volume changes during the operation, despite the 
cotr.cUo„ b=ing ut» io.o co»idera,io.. Th. predptotioa .JudW _» 
two ways, (i) keeping the concentration of Ge+++ constant and varymgthat of MoO* 
and (ii) vice-versa. 


Conductometric Study 

(t) Various samples were prepared by taking a constant volume (4ml.) of cerom 
chloride solution and increasing amounts (1 ml. to 16 ml.) of equimolar solution of 
sodium molybdate, the total volume being always kept oonstant (20 ml.) by the 
addition of conductivity water. Thus, three sets of solutions were prepared using 

M/SO, M/40 and M/60 solutions each of cerous chloride and sodium molybdate, 
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•Conductance measurements were carried out after allowing the solutions to 
stand for some time for the attainment of equilibrium. 

Curves A, B and G in Fig. (1) represent the change in conductance with 
increasing volume (in ml.) of sodium molybdate solution. The conductance first 
decreases slightly as the fast-moving Ce+++ ions are being replaced by relatively 
slow-moving Na"^ ions; the curves then exhibit a break indicating the complete 
precipitation of cerium as cerous molobdate. Further addition of sodium molybdate 
causes a rapid increase in conductance due to the excess of MoO^'^-ions. 

The precipitation reaction may be represented by the following equation, 
according to which cerous chloride and sodium molybdate combine in the ratio 2:3 
to form cerous molybdate : . 


2 CeCl3+3NajMoO*-»Ge, (MoOj), + 6 NaCl. 

* constant volume (6 ml.) of sodium molybdate solution 
were added increasing amounts of equimolar cerous chloride solution (from 0 ml. 

10 14 ml.), t«epi,.g «!>« total votamc20ml.m,ach .ample bylheaddinoa of con- 
LT"™ M)30, 

M/40 aad M/60,„l„„„n., eaoh of .odium molybdate aad cerou. chloride. 

The eonduotometric study yield, three curve.. A, B and C a. ,how« m Fig. (2). 

Thecondacta„oe at £r..inorea.e..ligh^^^ rcplaeemeut of comparatiyely 

.more o . ions by Cl tons, the rate of increase being still more after the 

equivalence point because of the addition of excess of Ge++* ions. 

In both the cases, (Fig. 1 and Fis. 21 :t ai. , , , . , 

° IS seen that the break in the curves 

PiS-W 




©/ CeCij itnmh) 
Modi,*' canst. ^ 
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docs.'H&t odciif at the tlieoretical value. Thus Fig. 1 shuws a loWej^' cx'perioioJtai 
value and Fig. 2 a higher value than the thcorctiiml There can l)e ttv# 

IKBsiblc reasons for the dc|»rturc of the cxperinicutal values from tibc thccwrc^cal 
values : (i) the hydrolysis of the precipltaiixi cerous molybdate and (ii) the imcqUal 
adsorption of Ge+++ and Mo 04 *- ions by ecrous molybdate. 

The effect of alcohol on the precipitation of i^rous moiylxiate w» ^i^ied by 
repeating the above experiments In the presence of differmt amounts Of aloAoL 
Ourvm A and B in Figs. 3 smd 4 show the results of conductometric study of the 





Cur^^e A : /o^ alcohol Vob of C mh) 

Cun^-e 6t 2o7.aicoKoi Cuin>€ A; 10 % alcohol 

Cu 202, alcohol 

system using M/40 solutions of both the reactants in presence of \0% and 20% alcohol^ 
respectively. The presence of alcohol docs not seem to alter the cxperimentol 
value, showing that hydrolysis should not be responsible for the difference in the 
experimental and theoretical values. 

The difference in the calculated and experimenul values may be explained 
on the assumption that cerous molybdate adsorbs more Cc»*+ ions than MoO*~ ions 

and hence in the first case a lower value, whereas in the second case a higher value 

is obtained. 

pH Study i — 

The experiments were preformed in the same way as in the case of condue- : 
tometric measurements. 
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in the first case, ». e., when the amount of cerous cWoride was kept constant, 
and that of sodium molybdate varied, two sets of solutions were prepared using 
MJ60 solutions of both the reactants in the first set and M/80 in the second set. A 
plot of the observed pH values against the volume (in ml.) of sodium molybdate 
solution yields two curves A and B as shown in Fig 6 which exhibit a point of 
inflexion at a lower value than the theoretical one, thus supporting the results of 
(conductance measurements. 

In the second case, cerous chloride was the variable component and sodium 
molybdate constant, the strength of the two reacting solutions in the two sets being 
the same as in the first case, *. e., M/60 and M/80, respectively. The observed pH 
values when plotted against the volume (in ml.) of cerous chloride yield two 
curves A and B (Fig. 6). As seen in the case of conductometric study, the point of 
equivalence in both the curves is obtained at a higher value than the cal- 
culated one. 

In Figs. 5 and 6 the two curves A and B were obtained from the first and second 
sets, respectively. A study of the curves in Fig. 5 shows that the pH of the system 



increases slowly in the initial stage with the gradual increase in the amount of 
sodium molybdate, which may be due to the neutralization of the free, acid from 
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CeCi,. Complete precipitation of ccrous molybdate is indicated by a point of iniexion 
m the eu^e, after which the pH of the system rises steadily due to the excess of 

sodnifB: wliicli is m alkaline salt. 


^ the second case (Fig. 6) the pH of the system first decreases slightly, t. e., 
there IS an increase in the hydrogen-ion concentratitm of the system, which may 
be ex^j^ on the sirniiar reasonings as done in the first case, that along with the 

IM-mpitetion ofeerous molybdate, increasing volume of GeCI,, by virtue of its 
acidic nature due to partial hydrolysis, neutralizes the alkali of the sodium 

molybdate. The point of inflection shows the completiem of the preefpitation and 

further addition of GeCl, results only in a slight decrease in the pH. 

The above experiments were now repeated in the presence of alcohol. For 
ccrous chloride as the constant component, the experimental curves arc shown in 
Fig. 7; and when sodium molyfaate is kept G«mjtam the curves obtained arc shown 
in Fig. 8. In both the figures, i. t., in Figs. 7 and 8 Curve A refers to 10% 





curu-e A: loj^ alcohol 
curi^ S: 20*/^ alcohol 


alcohol and curve B to 20o/„ alcohol. No shilt in the position of equivalence point 
seems to occur even in the presence of alcohol. 

It is thus seen that the results of the pH measurements arc in good accord 
with those of conductance. 
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The analytical data on the estimation of cerium and molybdate in the purified 
and dried sample of precipitate obtained by mixing the equivalent amounts of the 
solutions of cerous chloride and sodium molybdate, support the results obtained 
by conductivity and pH measurements, that is, only normal cerous molybdate 
Cc2(MoO*) 3 is formed on mixing the two reactants. 
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ABSTRAGT 

The precipitation of cerous tungstate has been studied elcctromctrically by means of the Monovaria- 
tion method in two ways. In the first case cerous chloride was the constant component and sodium 
tungstate was the variable one, whereas in the second case the volume of sodium tungstate was kept 
constant varying that of cerous chloride. 

Electrometric measurements of the system using M/40 and M/60 solutions, each of cerous chloride 
and sodium tungstate revealed that normal cerous tungstate, Ge, (WO*), is formed on mivlng the two 
reacting solutions. It was, however, seen that the point of equivalence did not occur at the calcuUted 
value, In the first case a lower experimental value, whereas in the second case a higher value was 
obtained. 

The above experiments,iwhen repeated in the presence of 10% and 20% alcohol, respectively, showed 
that the presence of alcohol does not affect the position of the equivalence point. This indicated that the 
difference m the experimental and theoretical values should not be due to the hydolysis of the 
precipitated cerous tungstate. The difference could, however, be explained on the assumption that cerous 
tungstate adsorbs more Gc'*‘*+ ions than WOi — ions. 

The physico chemical methods have been found many a times to give better 
and conclusive results than the analytical procedures in determining the composition 
of metallic tungstates. The reason is, that the precipitation of a metallic tungstate 
is affected by factors like aggregation of tungstate ion, pH of the medium, etc. 
Various types of tungstate ions have been described, the formation of which depends 
upon the hydrogen ion concentration of the medium^, the more important and well 
defined being the normal, para and meta tungstates. Thus the normal tungstates 
have been said to precipitate from alkaline solutions, the para-tungstates from 
weakly acid solutions and the meta-tungstates under specified conditions, from 
strongly acidified solutions of sodium tungstate. 

The formation and precipitation of mercury tungstate have been studied from 
electrometric titrations by Saxena and Gupta^. They have shown the existence gf 
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a normal mercury tungstate, HgO.WOg between pH 3 and 4. Saxena and Gupta® 
have found from the results of conductometric titrations between copper sulphate 
and sodium tungstate that a normal copper tungstate is formed at pH 6*0 - 6*5, 
whereas at lower pH values (4*8 to 5*2) the precipitate obtained is that of copper 
meta-tungstate. Some other examples^ of the physico chemical studies of metallic 
tungstates arc also available in the literature. 

Tammann®’® observed evidence of the formation of cerous tungstate, Cc^(W 04)31, 
when ceric oxide is heated with tungsten trioxidc. According to Cossa and 
ZccchinF’*, an amorphous pale yellow precipitate of cerous tungstate is formed on 
adding a solution of cerous sulphate to that of sodium tungstate; the precipitate 
becomes crystalline after heating to redness. Hitchcock* has shown that a solution 
of sodium tungstate gives a precipitate with solutions of cerium salts. According to 
him the precipitation is not complete and the addition of alcohol causes the 
precipitation of other cerium salts along with the cerium tungstate in solution* 
Didier^® and Traubc^^ have separately obtained cerous tungstate following two 
different analytical procedures. Different types of analytical methods have been 
adopted by some workers in preparing various tungstates of cerium. Thus, Rogers 
and Smith^* have prepared ammonium cerous tungstate, Hogbom^* has obtained 
sodium cerous tungstate, Didicr^® has prepared a complex tungstate, NaaGej(W04)4, 
and Carobbi and Tancredi^® have suggested the existence of three crystalline 
compounds in the system Ge2(W04)|- NagW04- HjO at 25^0. A yellow cerous 
metatungstate has been prepared by Scbciblcr^*, The compounds cerium potassium 
tungstate and cerium sodium tungstate have been obtained by Sillcn and 
SundvalP*. 

The preceding lines, which record in brief the available literature on the 
various tungstates of cerium, show that, though considerable amount of work has 
been done on the cerium tungstates by a variety of analytical procedures, no 
attempt whatsoever has been made to investigate by physico-chemical methods, the 
nature of the reaction between cerous salts and sodium tungstate in solution* Wc, 
therefore, thought it worthwhile to undertake a systematic electrometric study of 
the system GeClj-Na^WO^-HaO and to see the effect of alcohol, if any, on the 
precipitation of the tungstate of Gc (III). 

EXPERIMENTAL 

Standard cerous chloride solution was prepared in the same way as described 
in Part -I of this paper (this journal, page). Sodium tungstate of analar quality 
was used, and its solution was prepared in conductivity water. A Doron 
Conductivity bridge and a Beckman glass-electrode pH Meter were used for 
measuring conductance and pH, respectively. 
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The in|eraiC^iow cemiis chhgirjide ^nd spdi.uni tungstfute was ijpdied by 

means of the Mottovariation mcthod’^’ in two ways. 

In the first case the volume of cerous chloride solution was kept constant 
(4 ml.) varying that of sodium tungstate solution (from 0 ml. to 16 ml.), the total 
volume being alvyiys made u|«o 20 ml. by the addition of conductivity water. Two 
sets of solutions were prcpared'using equimolar solutions of cerous chloride and 
sodium tungstate, the strength of the two solutions being M/40 in the first set and 
M/60 in the second set. The experimental conductometric data when plotted 
against the volume (in ml.) of sodium tuugstate yielded iwo.curvcs A and B as shown 
in Fig. 1. A similar plot of pH data is represented by the curves A and B in 
Fig. 2. It is seen from the curves A .md B. (Fig. 1.) that the gradual increase of 






sodium tungstate first causes a slight decrease in the conductance .'i This is because 
of the removal of fast — moving iens by relatively slow-moving Na* ions. 

A further increase in the amount of sodium tungstate causes a rapid increase in the 
conductance, the point of equivalence being shown by a break in both the curves. 
The conductance increases rapidly after the equivalence point due to the additimt of 
excess of ions. 
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The curves, A and B, in Fig. 2 support the results 6btained conductor^ ctrically, 
the point of equivalence in this case being represented by a point of inflexion in the 
two curves , With the gradual addition in the amount of sodium tungstate, the pH 
of the medium rises, because of the basic nature of sodium tungstate. 

Secondly, the curves A and B in Figs. 3 and 4, which have been obtained 


FifW 



FifW 



; 5 io 

Voi- of (tn mi ) 

NOi^ con&i* ^ * * 'i> 0 r t 


by keeping the amount of sodium tungstate mnof ♦. ^ 

cftlWi<Jb. confirmed the previous obscrLtions I 

froni: Fig. 3 that tbe coriductance^^^^^^^^^ As expected in this case, it is seer 
relaiiVcif le'ss mobile'w64-- ions by Cl" ^ replacement of 

after the equivalence poim ^ ^ ^'^’^ease being still more 

of excess of Ce+++ions, The^rcsXT/the 
agreement with those of conductance. This time the 

t^hroughout due to the removal of WO^-ions and addition of Q- ioo^‘“?he‘* natme' 
of the curves may be dheussed as has been done in part I of the sres. 

confinin' recorded in the Figs., 1, .2, 3 and 4- 
formation and precipitation of only one tungstate of cerium (III) pp 
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mixiiig together tile solutions of cerous chioride and sodium tungstate*. As' seen 
from the experimental curves/ the ratio remains the same irrespective 

of the fact whether cerous chloride/ , solution is added to the solution of sodium 
tungstate or, vice-versa. The position of the breaks in the various curves nearly 
corresponds to the fo|:matiori of a normal cerous tungstate, CjC 2 {Y^Oi)q. Hoy\rever, 
it is worth noting that curves in Figs. I and 2 show a lower experimental value 
than the theoretical one. On the other hand a higher experimental value is 
exhibited by the curves in Figs. 3 and 4. 

The above experiments were repeated in the presence of two different 
CQBcentrations of alcohol, viz., 10% and 20%. Each^^of the two Figs, 5 and 6 

Ft^-C6) '• 



Curv^t & • 2oy^aicoAoi 

6 contains two curves A and B, the curve A representing the change of the 
measured property (conductance or pH) with respect to the increasing amount of 
sodium tungstate in the presence oi \0% alcohol, and the curve B exhibiting the 
data obtained in the presence of 20% alcohol. 
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tn tigs. ^ aud 8 arc shown the curves A and oUainitd in tiic presence (tf 
10% and 20% alcohol, respectively, the constant component in this ease being 
sodium tungstate, cero.ts chloride bcing^the variable one. 


a) 



Curvs A •• isjt 9,leok»l 
C urvs & '■ 1*4 aUsJwi 
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Curvt A - »o7. 

Cartf* A. a<c«A«( 


The results of the electrometric study of the system in the presence of different 
amounts of alcohol do not seem to give a better agreement between the calculated 
and observed values. This shows that the difference between the two values is not 
due to hydrolysis of the precipitate. The difference in the theoretical and 
experimental values, may, however, be explained on the assumption that the 
precipitated ccrous tungstate adsorbs more Gc+++ ions than WOr~ ions and hence in 
the first ease a lower, whereas in the second ease a higher value is obtained. 
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abstract 

Observations show that in the case of impure sol the viscosity decreases with increase of temperature. 
However, in the purified sol the decrease is followed by an increase. Similar behaviours have been noted 
in the vlaues of This may be due to the formation of loose aggregates at higher temperatures. 

It is interesting to note that when the sols are diluted, the viscosity at all stages of purity decreases 
with the increase of temperature. Hence it may be assumed that the tendency of the particles to form 
loose aggregates is lost on dilution. 

The specific conductivity of the sol decreases on dilution. Ihc temperature of zero conductance lies 
between •—20°C to —300G; and the temperature coefficient of conductivity has value in between 1*5% 
and 2*3% per degree rise of temperature to the value at 30®C. 


INTRODUGIION 

In a previous communication^, we have reported the observations in surface 
tension, viscosity, conductivity and stability of chromium arsenite sol at different 
stages of purity at 30^0. 

We are reporting, here, the results of our studies on the effect of temperature 
and dilution on the viscosity and conductivity of the above sol at various stages of 
dialysis. 


EXPERIMENTAL 

The sol was prepared and its constituents were estimated in the same way as 
has been described in the preceding paper^. The percentage composition of the 
sol at various stages of purity is given in the fig. 1 and table 1. 

The measurements of viscosity and conductivity of the original and diluted 
sols were made at different temperatures under identical conditions by keeping the 



viscometer and the condnctivity Cell in an electrically heated thermostat maintained 
at the desired temperature. 



The change in viscosity for every 10°G rise of temperature has been taken as 
the temperature cbefBcient of viscosity and the rise in specific conductivity per 
degree rise of temperature to the conductivity at 30°G as that of conductivity. 


The experimental results are given in the following tables. 

TABLE 1 

Percentage composition of the sol at various stages of dialysis 


Stages of dialysis 

days of dialysis 


Percentages of 


Cr+++ 

AsOa" 

' Cl- 

I 

2 

0*9004 

1-1150 

0-5107 

II 

5 

0*8225 

0-6638 

0-3842 

III 

9 

0-7572 

0-5685 

0*2248 

IV 

12 

0-7749 

0-5548 

0-1344 

V 

15 

0*7452 

0-5540 

0-0801 

VI 

25 

0-7401 

0*5535 

0-0546 

VII 

30 

0-7395 

0-5535 

0-0484 

VIII 

40 

0-7395 

0-5535 

0-0403 
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TABLE g 

Effect of temperature on the viscosity of the sol at different stages of dialysis 




, TABLE 4 

the viscosity of the sol /4 (diluted four times) 
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RESULTS 


Table 2 shows that at all stages of dialysis the viscosity decreases with tempet- 
ature till the sol attains high purity. In the latter case the viscosity initially 
decreases with temperature and then increases. At a still higher temperature it sets 
to a gel. There is a continuous decrease in the viscosity values with temperature 
in the case of diluted sols (tables 3 & 4). 

Similarly, the values of c/:> decrease initially with dialysis and temperature, 
followed by a slow increase with dialysis and decrease with temperature and finally 
a rapid increase with both dialysis and temperature. 

The conductivity of the original and the diluted sols increases with temperature 
(tables 6, 7 & 8). 

Plots of Log V vs. reciprocal of absolute temperature (1/T) show that straight 
lines are obtained in all the cases except in sols VII and VIII, where the graphs 
are curvilinear and this is more pronounced in sol VIII than in sol VII (fig. 2). 



The general pattern of the viscosity (fig. 3 curves A, B, G) and the conductivity 
curves (fig. 3 curves D, E, F) of the original and diluted sols does not change. 

Fig, 4 shows the graphs for specific conductivity against temperature. In all 
cases straight lines are obtained. Extrapolations to zero conductance give the 
temperature of zero conductance between - 20° G to - 30°G, The values of the 
temperature coefficient of conductivity lie in between 1*8 and 2'5% to the conduc* 
tance at 30°G. 




DISCUSSION . 

Viscosity-^ 

Changes in the viscosity of very dilute suspension have been variously ascribed 
to the changes in solvation, particle or molecular weight, particle or molecular 
shape, solute-solute interaction and the degree of* orientation of asymmetric 





particles. The cUcct of temperature on the viscosity of a liquid has been represent- 
ed by Grunberg and Nissan^ by the following equation 


V « K </>i (T, v). </>, (T, r;) (1) 

where is the coefficient of viscosity, K a constant characteristic of tlic liquid 
and </>, (T, v) and </>3 (T, v) are the functions of temperature and volume. Experi- 
rnents have shown that as long as the type of association remains the same, the 
viscosity-temperature function can be represented by the simplified equation 


V = 


E vise. 


( 2 ) 


where A is a constant related to molecular weight and density, E is the 
activation energy of flow, that is, the energy necessary to destroy the mutual 
coherence between the molecules thus giving an information concerning the type of 
association between the particles. 


Evisc. has been ascribed by Andrade* as due to the energy of interaction 
between a pair of molecules of liquid -while Frenkel* considers it as the energy 
required to liberate a molecule from the sphere of coordination and to effect a 
jump into the new equilibrium position. Attempts have also been made to reflate 
Evisc. to Van der Waals constant ‘a'®^ to latent heat of vaporisation,® to internal 
pressure'll and to latent heat of fusion®. It seems that according to these ideas 
Evisc. represents the energy required to break certain bonds between the molecules. 


_ From equation (2) it is seen that the plots of log v against IjT slnuilcl give 
straight lines if the sol behaves normally. Fig, 2 shows that in all eases straight 
lines are obtained except when the sol attains high purity (sols Vli & Vlli) 
where the curves are curvilinear. At higher ternpciatures, the stabilising electrolyte 
ot the sol particles is given out and the Brownian motion increases. Consequently 
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with the increase in the number of collisions among the particles and desorption of 
the stablising ions, there is formation of a large number of loose aggregates. The 
medium behaves abnormally and the curves are curvilinear. Transition from one 
straight part of the curve to another is probably due to the transition from one type 
of association to another, the latter imparting enhanced asymmetry to the aggregates. 
It is observed that the negativity of the viscosity coeflBcient decreases with increase 
in temperature (sols VI, VII & VIII), This further supports the idea of association 
of the particles at higher temperatures. Similar conclusions were arrived at in the 
studies of chromium tungstate^ and chromium arsenate sols^®. 

It is interesting to draw a comparasion between the curves for log rj against 
1/T (fig. 2) for the original sols VII and VIII and those for the diluted ones VIII/2, 
VII 1/4 and VII/2. The former give curved lines while the latter straight ones. It 
may, therefore, be assumed that the tendency of the sol panicles to form loose 
aggregates is lost on dilution. 

Table 5 shows the values of (j) at different stages of d ialysis and with temper- 
ature. The value first decreases, then increases gradually and finally rapidly. The 
initial decrease is due to the removal of adsorbed electrolytes from the surface of 
sol particles causing a decrease in the effective volume. The gradual increase is 
mainly due to the aggregation of the sol particles. Increase in temperature results 
in a decrease in hydration and therefore, the value of <j> also decreases. But the 
increase of ^ with increase of temperature in the later stages of dialysis (table 5, 
sols VII & VIII) is due to the formation of increased number of loose aggregates 
with weak crystallographic axes leading to greater approach to gel structure. 
Conductivity : — 

Every sol particle is regarded as charged particle surrounded by an electrical 
double layer of opposits charge. When the sol particle moves, the double layer 
retards its motion due to the effects of (I ) time of relaxation and (2) assymmetry. 
The frictional resistance of the medium which is dependent upon the speed of the 
particle and its radius and upon the viscosity of the medium also retards the motion. 

Decrease in the conductivity with dialysis in the initial stages is caused by the 
removal of stabilising electrolyte as well as other ions present as impurities. Small 
Values of conductivity in the purer sols is due to the fact that the number of current 
carrying ions or the particles is small. The larger charge carried by the 
colloidal particles is not sufficient to compensate their smaller number. The 
temperature coefficient of conductivity lies in between T8% and 2'3% which is 
nearly equal to the value for an ordinary electrolyte. Hence the increase in 
conductivity with temperature seems to be due to the increase in the mobility of the 
current carrying ions. At higher temperatures when the adsorbed electrolyte which 
stabilises the sol, is given out gradually, the sol becomes less stable and more 
conducting with the consequence that the rate of formation of loose aggregates 
increases in the purified sols. 
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ABSTRACT 

Ejttinction measurenaents show that coagulation ol' the sol is accelerated witli ^ the addition of 
increasing amounts of electrolyte and a constant inaximuin llocculaiioa is reached. At higher concentra- 
tions, the extinction begins to decrease due to the formation of loose floes that scatter lesser light than 
those formed at relatively lower concentrations. 

With the addition of increasing amounts of K 2 SO 4 , the pH of tlie sol increases. 'This is due to the 
adsorption of HaO'l' ions on the partly neutralised colloid surface and consequent increase of OH- 
ions concentration in the medium. 

There is a continuous decrease in the conductivity of the sol with the progressive addition of the elec- 
trolyte. This has been ascribed to the greater penetrating power of S 04 ‘" ions as also thdr power of 
neutralising the positive charges of the sol particles. With the result, that they can not contribute to 
the total conductivity of the mixture of sol plus electrolyte. Moreover, the increased radius of the micelles 
and the salt-effect also play their roles in decreasing the conductivity ol the sol to some extent. 


IN'rRODUCTlON 

In previous communications^ we have dealt with the surface tension, viscosity, 
conductivity and stability of chromium arsenite sol under dilicrent stage of dialysis, 
temperature and dilution. 

We have studied in this paper the changes in extinction, pll and electrical 
conductivity with the addition of an electrolyte, K2SO4, to the sol at dilicrent 
stages of dialysis with a view to investigate the mechanism of coagulation of the soL 
The results are similar to those obtained with chromium tungstate/^ and chromium 
arsenate sols. 


EXPERIMENTAL 


The sol was prepared by the usual method as described in part I of this series 
of studies. The composition of the sol at various stages of dialysis as determined has 
been shown in table 1 . 

The extinction measurements were made with a photoelectric coloTimctef 
(Lichtelektrischcs Kolorimcter Modcll VI) using red filter and 10 ml. Rectangular 
cuvette. ^ A series of eleven electrolyte solutions, the concentrations of which were 
systematically varied keeping the total volume (20 mb) constant in all eases, was 
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taken. Each one of these was added separately to 20 ml. of the sol in test tubes. 
Extinction measurements were made after thorough mixing. Fig. 1 represents the 



Stages cf 



observations of extinction with varying amounts of electrolyte. The concentra- 
tions of electrolyte used at different stages of purity of the sol have been shown 
in table I. 

Beckman (Model-M) pH-meter was used for determination of pH of the mixture 
of sol plus electrolyte. Fig. 2 indicates the changes of pH obtained on the addition 
of increasing amounts of electrolyte. 

TABLE 1 

Percentage composition of the sol and the concentrations of electrolyte 
used at different stages of dialysis 


Stages of 
dialysis 

Days of 
dialysis 

Gr+++ 

Percentages of 

AsO^” 

Cl- 

Concentrations 
of electrolyte 

I 

2 

0-9004 

1-1150 

0-5707 

2M/3 

II 

5 

0-8225 

0-6638 

0-3842 

M/20 

III 

9 

0-7572 

0-5655 

0-2248 

M/50 

IV 

12 

0-7552 

0-5590 

0-0801 

M/70 

V 

15 

0-7401 

0-5536 

0-0546 

M/80 

VI 

25 

0-7400 

0-5535 

0-0500 

M/100 

VII 

30 

0-7395 

0-5535 • 

0-0484 

M/100 
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uctivityXlO^ (m hos) of the mixture of sol plus electr 




The conductivities of the mixture of sol plus electrolyte (Km) and those of the 
electrolyte alone (K.) were determined and aro given in table 2. The latter were 
subtracted from the former so as to give the values of the conductivities ot the sol 
itself on the addition of increasing amounts of electrolyte. Fig. 3 therefore, shows 
the changes in the conductivity of the sol as a result of progressive addition ot 
electrolyte. 



DISCUSSION 

Extinction ; — 

When coagulation takes place, the extinction of light increases causing a 
decrease in the intensity of the light striking the photocell. This change of extinc- 
tion is related to the type of aggregates formed and also to the rate^ of sedimenta- 
tion following coagulation. It is seen from fig. 1 that initially the extinction-concen- 
tration curves arc more or less horizontal. The coagulation is accelerated with 
increasing amounts of electrolyte until at a concentration it is maximum. Consi- 
dering the repulsion between the particles arising from double layers and the 
London forces of attraction, Hamaker* obtained different types of resultant curves 
of potential energy. For the stability of a sol it is necessary that a maximum of 
suflScient height > KT, where K is Boltzmann constant and T absolute tempera- 
turCj should exist in the potential curves. On the addition of electrolyte, the double 
layer is compressed and the neutralisation of the charges takes place. In the 
absence of the energy barrier, the London van der Waals forces of attraction will 
prevail leading to rapid coagulation as observed by the sudden rise in the extinction 
curves. The repulsion between the double layers is not completely removed, 
therefore reorientation of the particles takes place giving rise to better contacts 
and denser structure. As a result of this the particles formed are highly scattering. 
At higher concentrations, however, the curves begin to fall. This is because in the 
absence of the repulsive action between the particles, the London attraction pre- 
dominates with the consequence that the particles stick where they touch each other 
and form loose floes. As they have irregular surface, the scattered radiations from 
such surface arc interally reflected with the result that the amount of scattered light 
is less than that by a compact spherical surface. 

A somewhat different behaviour is observed in the highly purified sols (sol VI 
& sol VII) where the addition of even a small amount of electrolyte (insufficient for 
normal coagulation) gives rise to lace-like structure. The partly discharged particles 
are attached to each other at very few spots and in the abstance of denser structure, 
t-he e^ctinction values are low. 
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pH ^ ^ I 

Thomas and coworkers® noted an increase in pH of a sol of hydrous fenic oxide 
on the addition of an electrolyte. They have reported similar results with hydious 
oxide sols of aluminium, thorium, beryllium and zircomum. Weism« has also 
reported that the sol of hydrous chromium oxide acidified with HCl shows an 
increase in pH on the addition of K 2 SO 4 . It may be mentioned that workers other 
than Weiser have prefered to call these sols of hydrous oxide peptised by HCl as the 
sols of corresponding oxychlorides. They have further suggested that these hydrous 
oxide colloidal particles consisted of olated and oxolated hydroxy compounds of 
of Werner type and the increase in pH with the addition of a neutral electrolyte 
to these sols can be attributed to the replacement of OH* and GH ions in the diffused 
portion ol’ the double layer and accounted for the change in pH as due to the dis- 
placement of pH“ group. 

The above explanations do njt appear to be probable Irom the X-ray studies 
of Bdhm and coworkers®, Fricke and Havestadt^ and later on Weiser and Milligan^®. 
Similar to these conclusions have been reached by Rai and Ghosh^^. Alter a study 
of the coagulation of lyophobic sols by means of radioactive tracer atrnos^ Glazman, 
Strazhesko, Zhcl’vis and Ghervyatsova^S hold that the coagulation process is con- 
nected not only with the surface of the sol particles but also with inner part of their 
electrical double layer. As is well known, the peptising ions always show a relation 
to the material of the particles, they fit into its crystal lattice, and it is just this fit- 
ting into lattic which makes these ions the potential determining ions. Taking in 
view these facts and also the fact that the concentration of Or ions is relatively 
large, the structure of the colloidal unit of chromium arsenite sol may be repre- 
scniatcd as : 



Thus implying that the positive charge and the stability arc attributed to the 
chromium ions and H**‘ which constitute the fixed part of the double layer while chlo- 
ride ions form the diffused outer layer. On the addition of sulphate ions, the thickness 
of the double layer is decreased due to their high penetrating capacity. Hencei 
neutralisation of the charges on the surface of the sol particles takes place with the 
consequence that a partly neutralised surface is formed. It has the tendency to 
adsorb such ions as are capable of producing the same electric charge as that of 
the colloid unit^^ Therefore, HaO"*' ions from the medium arc adsorbed on such 
surfaces increasing thereby the OH“ ion concentration in the system. 1 hus the pH 
of the sol goes on increasing with the progressive addition of the electrolyte. 

Conducti vity : 

While studying the changes in conductivity during coagulation of hydrous oxide 
sol of Iron and other sols, Rai and Ghosh (loc* cU») noted a decrease in conductivity 
on progressive addition of KoSO^. They explained it by saying that the Helmholtz 
double layer becomes fainter due to higher despersion of colloidal units and conse- 
quently contributing to lesser conductivity. 

^ It is well known that in a sample binary electrolyte solution, the ionic con- 
ductivities of the counter ions and the by-ions as well as of the polyions are additive 
to give the observed conductivity of the solution. It is seen from fig. 3 that the 
conductivity of the sol itself decreases continuously as a result of the addition of 
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increasing amounts of electrolyte. The decrease is more remarkable for purer sols 
than for impure ones. 

Two factors are expected to play important roles in the decrease of conduc* 
tivity of a sol with the addition of electrolyte. One is the decrease in the thickness 
of the double layer while the other is the change in its charge density as a result oi 
neutralisation with the coagulating ions. Due to the first factor the attraction 
between the two parts of double layer will increase. As a result, there will be more 
electrostatic attraction by the oppositely charged outer layer on the moving sol parti- 
cle, thus decreasing its mobility. Low concentrations of the electrolyte mainly 
reduce the stability of the sols by the compression of the double layer, but further 
additions lead to a rapid fall in the stability due to the reduction of the surface 
potential at all concentrations of electrolyte.^^ Evidently, upto the point of addition 
of SO4"" ions equivalent to rapid coagulation, nearly all of them penetrate ipto the 
complex double layer and hence no longer contribute to the ^nductivity of 
the mixture, although while substracting the conductivity of K2SO4 solmions 
(Ke) from the combined conductivity of the mixture of sol plus K2SO4 (Km), 
it was assumed that the conductivity of SO4 ions remains the same. Hence 
there will be greater fall in conductivity of the sol itself with the progressive 
addition of increasing amounts of electrolyte until the stage of rapid coagulation 
is reached. It has also been observed that there is a salt- effect produced by the 
addition of K2SO4 on the conductivity of the polycharged colloid particles, but it is 
fairly small as compared to that produced by it in coagulating the sol. 

The smaller decrease observed thereafter the rapid coagulation is of course due 
to the salt-effect as well as to the aggregation of the micelles when the resultant 
radius will increase and the mobility will decrease. 
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CHEMISTRY OF VANADIUM. PART ix 

FORMATION OF COMPOUNDS OF VCI3 WITH ORGANIC SUBSTANCES 


By 

SARJU PRASAD W P. V. S, jA( JANNADHA SAUMA 
Chemical Laboratories, Banaras Himlu UnivcrsUy, Varanad 
I Received on 8th l'’<;l>ruiiry, 19GI] 


ABS'PRAC'r 

Some compounds oi VCI3 with ()rjL'',mic sulistanccs have been prepared, their propenies .studied and 
their structures discussed. 


INIRODUCTION 

In earlier communications^ the action of vanadium-tiichluridc on some amines 
anti heterocyclic bases was studied. The work has now been extended to study the 
action ol vanadium-trichloride on some amines, nittanalincs, aminoben'-soic acids, 
and some other organic compounds in organic solvents. 


EXPERIMENIAL 

Vanadium-trichloride was prepared by the method described by Wcialand 
and Fcigc' and was finally extracted with ether. The chemicals used were of 
B. D. H. or Merck s extra pure quality. Ether was distilled over metallic sodium. 

In all the eases Ether was used as the solvent except ia the case of 
i;-NitraDaline,^-amino Benzoic acid and «-hydroxy quinoline when the reaction was 
carried out in ethyl acetate medium. 


In all the cases except Biuret and M, elder’s ketone a saturated solution of 
organic compound m ether was slow y added to the ethereal solution of vanadium- 

inchloride, with constant shaking nil the precipitation was complete. It was left 
for about an hour, filtered washed with tne solvent till the washings did not give 

any precipitate with vanadium trichloride solution. 




vaDG Ui <iuu ivilcmei s ketone the compoui 

which the vanadium trichloride solution was added slowly till die colour of 

vanadium trichloride persisted in solution, it was left for 24 hours wUh fr^uen 

shaking, filtered and washed free from VGl.,. ^ 

Th. precipitate wa. dried ever fmed calcium cl, bride iir a vaccum dcaicca.or. 

Vanadium was estimated in flilntf* i i 

sulphurdioxide, removal of SO, hy GO anH reduction^ with 

potassium permanganate at 70 G Ghlorii.c wa« with stariclaid solution of 

5cl.ia-a meshed aul, .he ur3.uic m.,rerr,:;d7rdS^^^^^^ ““ 
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trichloride with organic substances 
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General Properties : — Most of the compounds arc coloured, slightly hygroscopic, 
amorphous powder and give sharp melting point. They are insoluble in benzeric, 
carbon tetrachloride or ether but soluble in alcohol. They are easily hydrolysed by 
hot water, acid or alkali solutions. 


DISCUSS roN 

According to Sidgwick (“Eh ctronic theory of valency” 1927) the maximum 
co-ordination number that vanadium can exhibit is 6 . 

In all the cases except Biuret four molecules of organic compound attach 
themselves to one molecule of VGI 3 . It appears that organic compounds are linked 
to the central atom through the dilfcrent co-ordinating groups an<I can be represented 
as V( 4 A) GI 3 where A— organic compound. 

In the case of Biuret two molecules of it attach themselves to one molecule of 
VCI3, the linking appears to be of chelate type in which only GO groups are 


NH 3 GO.NH.GO. NH,. 

\i|/^ 

reactive. The compounds can be represented as V GI 3 

/\ 

NHa CO.NILCO, NHg 

The E. A. N. does not assume the inert gas corhiguratiun aud thereibre the 
compounds are not very stable. 

The authors sincere thanks arc due to the authorities of Banaras Hindu 
University for providing necessary facilities. 
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STUDIES IN POLY-SALTS OF VANADIUM 

PART I : RLEGTROMETRIG STUDY OF THE SYSTEM : 

(NH4^3V04-HC1-H20 


By 

P. K. BHATTAGHARYA, M. G. SAXGNA and S. N. BANERJI 
Department of Chemistry ^ University of Saugar, Saugor 
[Received on 8th February, 1961] 


ABSTRACT 

Conductometric and pH studies of the system, ammonium vanadate - hydrochloric acid, have been 
carried out by adopting the monovariation method. With M/ 10 solutions each of (NHi) 3VO4 and HGl, 
three breaks are obtained in the conductivity and pH curves at points corresponding to 1 : 1, 1 : 2, and 
1 : 3*4, ammonium vanadate/HCl ratio. These breaks indicate the completion of aggregation for the 
formation of the di-, tetra-. and penta-vanadates, respectively, the last being probably formed through 
an intermediate stage of octavanadate. Further addition of acid results in the formation of the cation 
VO2+ or VO+'*+. 

Similar breaks in the experimental curves have been obtained in the case of M/20 solutions of the 
two reactants. At an increased dilution, using M/40 solutions each of (NH4)3 VO4 and HCl, the curves 
show only one break at 1 : 1 ratio, indicating thereby the absence of further stages of aggregation m 
dilute solutions. 

Vanadium, like molybdenum and tungsten, has a tendency to form poly-acids 
and poly-salts, though to a lesser extent. Earlier literature describes the existence 
of vanadates of the ratio, RgO : ;= 3 : 1, 2 : 1 and 1 : 1, similar to orthopyro- 

and meta-phosphates. Vanadates of the type R^O : V2O5 = 4 : 5, 3 : 5 and 2 • 5, 
respectively, are also reported by Jander and Jahr^. Diffusion coefficient studies'^ 
of the decomposition of sodium vanadate by acids reveal the existence of mono-, 
di-, tetra- and penta-vanadates at ditierent ion concentration. The formation 
of poly salts by the acidification of ammonium meta-vanadate has been studied 
by Trujillo^. The stages in the formation of the pentavanadate are, however, still 
not well defined. In the present piece of work, therefore, an electrometric study 
of the effect of addition of mineral acids on ammonium vanadate has been carried 
out, the results obtained with hydrochloric acid being reported here. 

EXPERIMENTAL 

Analysed sample of ammonium vanadate (B. D. H.) and standardized 
hydrochloric acid have been used. Conductivity and pH measurements have been 
carried out by Doran Conductivity bridge and glass electrode Beckman pH -meter, 
respectively, 

Monovariation method^ has been used for the study of the poly vanadates, 
A series of solutions was prepared, keeping the volume of M/IO ammonium vanadate 
solution constant (5 mL)i and varying that of M/10 HCl; the total volume was kept 
constant (30 ml.) by the addition of conductivity water. Similar sets were prepared 
with M/20 and M/40 solutions, respectively. The conductivity and pH measure- 
ments were carried out as usual and the data plotted. 
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DISCUSSION 


A study of the condnctivity curves '(F*g- 1) shows, that in the case of M/10 
solutions (ciirve A), there is a slow increase in the conductivity with a break at 
vanadate to HOI ratio nearly 1 : 1 till the addition of about two equivalents of acid, 





and then the conductance changes more rapidly upto the ratio of about 1 : 3-4, 
after which the acid added remains unreacted. 

Analogous breaks arc obtained in the pH curve (Fig. 2, curve A). The above 
observations can be best explained if the process of aggregation is represented by the 
following equations, which show that the aggregation takes place gradually and in 
a continuous manner : 

1. 2 (NHJ 3 VO, + 2HG1 (NH,), V.O, + H,0 + 2NH,G1 
or, 

2(NH,)3V0, + 6HG1 -> 2HsV04 + 6 NH,Gl 
2 H 3 VO, + 4(NH,),VO, 3 (NH,), V 3 O, + 3 H 3 O 

2 . 2 (NHAVjO, + 4HG1 (NH,!, V^O,* + 2IIjO + 4NH,C1 

3. 5 (NH,), + BHGl 4 (NH,)* V^Oj* + 4 H 3 O + 8 Nlf,(ll 

4. (NH,)3 VsOi 4 + 8HG1 -» SVOjCl + 4 H 2 O + 3 NH 4 CI 
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The gradual and slight increase in the conductivity of the system upto the 
ratio 1 ; 2 IS due to the formation of successive di- and meta- (tetra) vanadates 
according to the equation (1) and (2). In mixtures of vanadate/acid ratio less than 
1 : 1, (NIi4)3 VO4 also exists in addition to the products (NH^)^ V.2O7 and NH4CI. 
The conductivity of the mixture is due to the presence of (NH4)3 VO4, 
and NH4GI, which have a greater contribution to the conductivity than the original 


(Z) 



ions. .When the composition exceeds 1:1, the tetravanadate begins to form and this 
process continnes till the composition reaches the ratio 1 : 2, There is an increase 
in conductance due to the resultant ions. The pH (fig, 2. curve A) falls throughout 
because of the production of the acid salt NH4CI and the stable poly vanadates. The 
further rise in conductivity after the ratio, 1 : 2, is due to the formation of the 
pentavanadate and this continues upto the ratio 1 : 3*4. The break in the curve 
at this point may be due to the formation of monomolecular vanadium containing 
the cation V02’^ or VO+++. The sharp fall in pH ceases after the production of the 
tetravanadate at the ratio 1 : 2. 

The ill-defined break at 1 : 2 ratio in fresh solutions is indicative of the fact 
that the formation of pentavanadate is a slow process. The conclusion is in 
consonance with HuckeTs view*^ that the pentavanadic acid does not come into 
existence by the simple addition of a vanadate ion to tetra vanadic acid, but rather 
that, continuing the polymerization series, a paring up of the latter acid to 
octavanadic acid takes place. The yellow pentavanadate is only produced with 
certainly after the formation of the octavanadate ion. This can be better studied in 
the aged systems. 
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The results which have been so far discussed are for the M/IO ‘solutions* The 
plot of conductance (Fig. 1, curvelB) and pH fig. 2, curve B) data in the case of 
M/20 solutions exhibit similar breaks as are obtained with M/lU solutions, though 
less pronounced. But with M/40 solutions (fig. I, curve G) only one break at 1 : 1 
ratio is obtained, after which there is a gradual increase in the conductivity and 
the curve remains smooth. The pH curve (fig. 2, curve C) also exhibits only one 
break. These results show that the process of aggregation of the vanadate is 
weakened with the decrease of concentration of ammonium vanadate, though the 
same vanadate/acid ratios are maintained. 

The authors express their thanks to Prof. A. K. Bhattacharya, Head, 
Department of Chemistry, for his keen interest in the work. 
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STUDIES IN POLY-SALtS OF VANADIUM 


PART II : ELECTROMETRIC STUDY OF THE REJiGTION BETWEEN 
AMMONIUM VANADATE AND ORGANIC ACIDS 


By 

P. K. BHATTACHARYA, M. C. SAXENA andS, N. BANERJI 
Department of Chemistry, University of Saugar^ Saugor 
[Received on 8 th February, 1961] 


ABSTRACT 

Ganductometric and pH studies of the systems (NH )aV 04 acetic acid and (NH)3V04 - 
oxalic acid have been carried out by using the monovariation method. The conductivity and pH curves 
in the system (NH^) 3 V 04 —acetic acid with M/10 solutions show breaks corresponding to 1 ; 1 and 1 : 2 
ratios. This indicates the formation of the di- and tetra-vanadates ; the pH for that of the pentavanadate 
is not reached in this system. In the case of dilute solutions (lVI/ 20 and M/40) there is no further 
aggregation after the production of divanate. Acetic acid, unlike other organic acids, thus, behaves as a 
mineral acid in bringing about aggregation. The difference in the nature of the pH and conductivity 
curves is due to anion effect of the acid used. 

Conductometric and pH study in the system (NH 4 )aV 04 - oxalic acid reveals the formation of a 
1 : 2 vanadium -oxalato-complcx. The stoichiometry of the complex has been further confirmed by the 
Job’s method of continuous variations. The probable molecular formula for the complex would be 
(NH4)3 [VOi (.G 2 O 4 )] aq. as suggested by Rosenheim. 

The effect of organic acids (excepting acetic) on molybdates^ and tungstates^ 
has been found to be different from that of mineral acids, in that they produce 
complexes instead of bringing about aggregation, as is done by mineral acids. 
Oxalato-^, malonate-*, citrate-® and salicylato-® complexes with ammonium 
vanadate have been referred to in literature. In the present communication, we 
have studied the systems of ammonium vanadate with acetic acid and oxalic acid, 
respectively. The work has been further extended to the physico-chemical study of 
the complex formation between ammonium vanadate and oxalic acid, 

EXPERIMENTAL 

Analysed ammonium vanadate (B. D. H.), chemically pure acetic acid and 
AnalaR oxalic acid have been used for experimental studies. The systems 
(NH4)3 VO^— acetic acid and (NHjg V04-»- oxalic acid have been investigated by 
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usirjg the monovariation method^. Different sets of solutions were prepared by 
taking a constant volume (5 ml.) of M/IO, M/20 or M/40 solutions of ammonium 
vanadate, varying that of equimolecular organic acid and keeping the total volume 
constant (30 ml.) by the addition of conductivity water. 

Recourse has been taken to Job’s method of continuous variations® for 
ascertaining the stoichiometry of the complex formed in the system (NH 4 ) 3 V 04 
— oxalic acid. The conductivity and pH measurements have been carried out as 
usual by the Doran Conductivity bridge and glass-elcctrodc Beckman pH-Metcr, 
respectively. The experimental data have been plotted. 

DISCUSSION 

(i) System Ammonium Vanadate — acetic acid : — 

Curve A (Fig. 1) of the system with M/IO solutions shows that the conductivity 
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falls with the increase of the ratio of vanadate to acetic acid upto 1:1, after which 
it remains almost constant upto the ratio 1 : 2. Further addition of acetic acid 
shows a smooth rise in conductivity indicating, thereby, that the acid has no further 
effect. The slight fail in conductivity upto the ratio 1 : 1 is due to the formation 
of the di-vanadate (V 207 ^“). The conductivity remains constant, thereafter, upto the 
ratio 1 : 2 due to the aggregation . to tetravanadate. Further aggregation for the 
formation of pentavanadate is not met with in the case of this acid. The conductivity 
curves (B and G, Fig, 1) with M/20 and M/40 solutions, respectively, show only one 
break at the ratio 1 : 1 indicating the absence of further stages of aggregation. 

The pH results (Fig* 2) are in accord with those of conductance. The curves 
A, B and G (Fig, 2.) stand for M/IO^ M/20 and M/40 equimolar solutionsj 


_F 



respectively, of ammonium vanadate and acetic acid. Ihe data indicate that in the 
system, ammonium vanadate - acetic acid, the pH required (2-5 - 3) for the 
formation of pentavanadate is not reached. 
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Acetic acid, thus, behaves as a mirierai acid in bringing about the aggregation 
of vanadate ions. But the nature of the curve is different from that in the case of 
HGl. This may be due to the anion of the acid, the role of which can be explained 
by the consideration of an intermediate stage of the formation of vanadic acid 
during the polymerization of vandates (see cqn. (1) part I, page 75), 

The anion of the acid has a definite influence on the weak and amphoteric 
.vanadic acid before it can bring about the aggregation. 

(2) System Ammonium vanadate — Oxalic acid : — 

The experimental curves of conductivity (Fig* 3, curve A, B and C) and pH 
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the formation of a 1 : 2 vanadium-oxalato complex. This break is obtained 
irrespective of the dilution of the solutions, and this confirms the formation of a 
complex and the absence of aggregation. This is further confirmed by Job’s 
continuous variation method {loc, tit,) which shows a maximum in the curve (Fig. 5 ) 
at a point corresponding to 66% of oxalic acid. The complex should be (Ntl4)3 
[VO2 (0204)3] aq. as suggested by Rosenheim®. The liberation of ions from 
oxalic acid for complex formation is clearly indicated by the pH curves (Fig. 4 ) 
which show a continuous fall in pH values. 

The work with other organic acids is in progress. 

The authors express their thanks to Prof. A. K. Bhatlacharya for his keen 
interest in the work. 
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STUDY OF THE EXTENT OF AGGREGATION DURING SOL-GEL 
TRANSFORMATION OF SOME GEL FORMING SYSTEMS 


By 

Y. D. UPADHYA and S. P. MUSHRAN 
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[Received on 1st March, 1961] 

ABSTRACT 

The sol- gel transformation of the gel yielding zirconium succinate sols employing a Stormcr 
viscosimeter has been investigated. The extent ot aggregation during sol-gel transformation has been 
assessed employing the Staudinger's viscosity relation The results obtained have been 

discussed and explained. 

Various methods have been adopted from time to time to study sol-gel 
transformation of several gel forming colloidal systems. Von Schroedcr^, Lewites^, 
Sheppard®, Bancrji and Ghosh^ have studied the changes in viscosity during 
gelation of gelatin gels under various conditions and have concluded that for 
some time the rate ot increase of viscosity is nearly proportional to the timcj but 
afterwards it becomes irregular. Mardlea® made viscomctric studies of gel 
forming systems in non-aqueous media and Prasad and coworkers® in soap gel- 
forming systems in organic media. 

The changes in optical properties during sol-gel transformation have also 
been investigated. Prakash’ observed changes in extinction co-efficients and 
Prasad and coworkers® investigated the changes taking place in the intensity and 
depolarisation factors of the light scattered, using polarised incident light. 
Recently, the depolarisation factors and the angular variation of the intensity of 
light scattered from gel forming systems of sodium soaps in organic solvents have 
been investigated.® 

Sen and Ghosh^® investigated the rate ' of change of turbidity with time of 
silicic acid sols. According to them the turbidity increases, becomes maximum 
approximately at or near the time of gelation and then gradually decreases. The 
time of gelation could be determined graphically from turbidity measurements. 

The sol-gel transformation of the gel yielding zirconium succinate sols 
investigated here have been studied by us employing viscometric methods 
and in this paper we are presenting our results on such measurements. 

The zirconium succinate sols were obtained by the method described by 
Upadhya and Mushran^i. 

Three samples of zirconium succinate sols were prepared by adding to a 
fixed quantity of the metal nitrate, different amounts of sodium succinate, below 
the precipitation value, keeping total volume the same. The sols were purified by 
dialysis at the room temperature. The zirconium content of these samples were 
estimated, and for the purpose of investigation, the metal content in the sols wa3 



maintained constant by diluting the sols with distilled water, wherever 
necessary. 

Sols (A), (B) and (0) had the following compositions : 

Volume of 0‘3570 M zirconium nitrate = 150'0t) i»ls. 


0'25M sodium succinate : 
in sol (A) = 90'00 mis. 
in sol (B) = 95‘00 mis. 
in sol (G) = lOO'OO mis. 


The sols were purified by dialysis for a period of 96 hours. 

These sucemate sols yield transparent gels with electrolytes of suitable 
•onccntrations. The process of gelation can be easily followed by following the 
changes in the viscosity of the gel forming sols. As the sols approach the gel state 
the viscosity increases considerably, the time of flow through a capillary becomes 
very large, leading to unsuspected errors in the mcasuicrncnts, which therefore 
become less reliable. The cylindrical rotational viscoincters arc, however of 
great use, in the measurements of the viscosity in such cases, as the rate of shear 
can be conveniently varied. 


A Stormcr viscosimeter, cup and rotor type, supplied by Arthur, Thomas Co. 
U. S. A., was employed for following the viscosity changes during gelation of 
zirconium succinate sols. The viscosimeter was fitted with a liquid circulating 
stage to control the temperature of the substance under investigation. Several 
drops of glycerine were deposited on the surface of the stage for purposes of 
assuring good contact with the water bath. The inlet and outlet of the circulating 
stage were connected by means of a rubber hose to a constant temperature bath 
worked by a thermomix regulator. With this arrangement temperature control 
was maintained within OiO' l°G at 30OG, A fine nylon thread was used to support 
the weight, which was suitably chosen, in a manner to avoid turbulence until a 
convenient speed of the rotor is attained. To a fixed amount of sol was added a 
known amount of electrolyte KCl, and the mixture was taken in the cup and the 
cylindrical rotor was immersed in the sol electrolyte mixture. By releasing the 
brake, the rotor was allowed to revolve. The time required for 100 revolutions 
ot the rotor, as indicatim by the revolution counter, was recorded at a constant 
temperature 30 ± OT G. from which the number of revolutions per second were 
Mlculatcd. The values of rev. per sec. were found our at suitable intervals. 
Ihc initial reading of the revolution of the rotor were taken after two miiiutes of 
mixing and the results with the three different sols A, B and G are tabulated in 
iables 1 to 9. 


oer second reciprocal of revolutions 

per second for sol with the reciprocal of revolutions per second for water, using 

anVrs“i>enTLrr!in 4 . ^ ^ the specific viscosity is then calculated 



TABLE I 

Showing the values of 1/rev. per sec*, arid aggregation with time. 


Volume of sol (A) = 60'00 mis. 

N/30 KCl = B*00 mis. 

Total volume = 95*00 mis. 


Time in 
mins. 

Time for 100 rev. 
in secs. 

1/rev. per see. 


Aggregation 

0 

22-90 

0-229 

0-027 

rooo Mo 

10 

23-00 

0-230 

0-031 

1-148 

20 

2310 

0-231 

0-036 

■ 1-333 

30 

23-40 

0-234 

0-049 

1-814 

40 

24-10 

0-241 

0-080 

2-998 

50 

24-40 

0-244 

0-094 

3-481 

60 

24-70 

0-247 

0-108 

3-999 

70 

25-40 

0-254 

0-139 

5-147 

80 

26-30 

0-263 

0-179 

6-630 

90 

28-00 

0-280 

0-255 

S-443 

100 

32-60 

0-326 

0-461 

17-080 

105 

43-00 

0-430 

0-928 

34-370 

110 

70-00 

0-700 

0-139 

79-210 

115 

98-10 

0-981 

3-399 

125-900 

120 

98-50 

0-985 

3-417 

126-600 

125 

143-90 

1-439 

5-453 

201-900 



TABLE 2 



Showing the values of 1/rev. per sec., Vip and aggregation with time. 


Volume of sol (A) == 60*00 mis. 




N/SOKGl 

= lO'OO mis. 




Total Volume 

= 95*00 mis. 



Time in 

Time for 100 rev. 

l/rcv. per see. 

Vsp 

Aggregation 

mins. 

in see. 




0-00 

23-00 

0-230 

0-031 

1-000 Mo 

15-00 

23-20 

0-2-32 

0-040 

1-290 

25-00 

24-50 

0-245 

0-098 

3-161 

35-00 

24-80 

0-248 

0-112 

3-612 

50-00 

26-40 

0*264 

0-184 

5-934 

65-00 

29-90 - 

0-299 

0-340 

10-960 

8000 

64-30 

0-643 

1-883 

60-740 

85-00 

76-60 

0-766 

2-435 

78-540 

90-00 

100-50 

1-005 

3-507 

113-200 

95-00 

139-70 

1-397 

5-264 

169-700 
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table 3 

Showing the values of 1/rev^ per sec., Vsj, and aggregation with tirnc» 
Volume of sol (A) — 60*00 mis. 



N/30 KGl 

= 12-00 mis. 




Total volume 

= 95*00 mis. 



Time in 
mins. 

Time for 100 rev, 
in secs. 

I/rev. per sec. 


Aggregation 

0-00 

23-50 

0-235 

0-053 

1-000 Mo 

10-00 

24*20 

0-242 

0-085 

1-604 

20-00 

25-00 

0-250 

0-121 

2-283 

30*00 

26-80 

0-268 

0-202 

3-811 

40-00 

35-10 

0-351 

0-574 

10-830 

45-00 

47-60 

0-476 

1-134 

21-396 

50-00 

77-00 

0 770 

2-453 

46-283 

55-00 

108-90 

1-089 

3-883 

73-264 

60-00 

150-70 

1-567 

6-026 

•113-698 

65-00 

211-50 

2-115 

8-036 

151-623 



TABLE 4 



Showing the values of 1/rcv. per sec., 

and aggregation with times. 


Volume of lol (B) = 54-00 mis. 




N/30 KGl 

= 11-00 mh. 




Total volume 

= 90 00 ml*. 



Time in 

Time for 100 rev. 

» 

1/rcv. per sec. 


Aggregation 

mins. 

in sees. 




0-00 

23-50 

0-235 

0-0538 

1-000 Mo 

10-00 

23-80 

0-238 

0-06726 

1-251 

20-00 

24-30 

0-243 

0-08969 

1-666 

30-00 

24-80 

0-248 

0-1121 

2-083 

40-00 

26-70 

0-267 

0-1973 

3-667 

50-00 

28-00 

0-280 

0-2557 

4-755 

60-00 

33-10 

0-331 

0-4843 

9-018 

70-00 

48-50 

0-485 

1-1750 

21-840 

80-00 

116-50 

1-165 

4-2250 

78-500 

85-00 

139-50 

1-395 

5-2570 

97-700 
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TABLE 5 


Showing the values of 1/rev. per sec., and aggregation with time. 


Volume of sol (B) = 54 ’00 mis. 

N/30 KGl =1 3-00 mis. 

Total Volume = 90*00 mis. 


Time in 
mins. 

Time for 100 rev. 
in secs. 

1/rev. per sec. 

Vtp, 

Aggregation 

0-00 

23*60 

0*236 

0*05965 

1*000 Mo 

10*00 

24-00 

0-240 

0-08072 

1*353 

20*00 

24*80 

0-248 

0-1119 

1-875 

30-00 

26*40 

0-264 

0-1839 

3*083 

40-00 

30-30 

0*303 

0-3588 

6*016 

50-00 

38*50 

0-385 

0*7263 

12-160 

6000 

89-09 

0-890 

2-9900 

50-240 

7000 

120-00 

1-200 

4-3810 

73-450 



^BLE 6 



Showing the values of 1/rev. per sec., 

and aggregation with time. 


Volume of sol. (B) = 54*00 mis. 




N/30 KGl 

= 15*00 mis* 




Total Volume 

= 90*00 mis. 



Time in 
mins. 

Time for 100 rev, 
in secs. 

1/rev. per sec. 

Vsp 

Aggregation 

0*00 

24*00 

0-240 

0*07174 

1-000 Mo 

10*00 

26-30 

0-263 

0-1794 

2-501 

20-00 

27*20 

0-272 

0-2198 

3-062 

30*00 

30*40 

0*304 

0-3633 

5*065 

40*00 

4T70 

0-417 

0-6910 

9*634 

4500 

59-fiO 

0-596 

1-6730 

23*320 

50-00 

78*20 

0-782 

2*5070 

34*830 

55*00 

115*50 

1-155 

4-1780 

58-320 




tAkk 7 

tihowing the values of 1/rev. per sec., V*p and aggregation with time. 
Valume of sol (G) = 54‘00 mis. 

N/30 KGl = 7-50 mis. 

Total volume •= 95’00 mis. 


Time in 

Time for 100 rev. 

1/rev. per sec. 


Aggregation 

mins. 

in secs. 




0-00 

23-80 

0-238 

0 0680 

1-000 Mo 

10-00 

24-00 

0-240 

0-0740 

1-088 

20-00 

24-20 

0-242 

0-0850 

1-250 

30-00 

24-30 

0'243 

0-0900 

1-323 

40-00 

24-50 

0-245 

0-0980 

1-441 

50-00 

25-00 

0-250 

0-1210 

1-779 

60-00 

25-40 

0-254 

0-1390 

2-440 

70-00 

27-00 

0-270 

0-2210 

3-250 

80-00 

30-00 

0-300 

0-3450 

5-074 

90-00 

38-40 

0-384 

0-7220 

10*620 

95-00 

43-10 

0-431 

0-9330 

13-720 

100-00 

51-50 

0-515 

1-3100 

19-270 

105-00 

72-20 

0-722 

2-2380 

32-910 

1 10-00 

90-80 

0-908 

3-0710 

45-150 

115-00 

162-30 

1-623 

6-2780 

92-340 



TABLE 8 



Showing the values of l/rev. per see., Vip 

and aggregation 

with time. 


Volume of sol (C) = 54*00 mis. 




N/30 KCl 

= 9-00 mis. 




Total volume 

= 95*00 inls. 



Time in 

Time for 100 rev. 

l/rcv. per sec. 

'7.P 

Aggregation 

mins. 

in secs. 




0-00 

24’^0 

0 240 

0-0750 

I-OUO" Mo 

10-00 

24-20 

0-242 

0-0850 

1-133 

20-00 

24-40 

0-244 

0-0940 

1-253 

30-00 

24-60 

0-246 

0- 1020 

1-360 

40-00 

24-80 

0-248 

0-1130 

1-507 

50-00 

25-90 

0-259 

0-1010 

2-146 

60-00 

28-60 

0-286 

0-2820 

3-795 

70-00 

36-60 

0-366 

0-6420 

8-559 

80-00 

55-10 

0-551 

1-4710 

19-610 

90-00 

61-40 

0-614 

1-7160 

22-880 

95-00 

77-30 

0-773 

2-4660 

32-880 

100-00 

96-20 

0-962 

3-3140 

44-180 

105-00 

130-00 

1-300 

4-8290 

64-370 


1 90 1 


TABLE 9 


Showing the values of 1/rev. per sec., and aggregation with time. 
Volume of sol (G) === 54*00 mis. 

N/30KG1 = 10-55 mis: 

Total volume = 95* 00 mis. 


Time in 
mins. 

Time for 100 
rev. in secs* 

1/rev. per sec. 

Vmv 

Aggregation. 

O'OO 

24-20 

0-242 

0-0840 

1-000 Mo 

10-00 

24*40 

0*244 

0*0940 

1-119 

20*00 

24-60 

0-246 

0-1040 

1*238 

30-00 

25*40, 

0-254 

0-1390 

1*665 

40-00 

27*80 

0*278 

0-2470 

2*941 

50-00 

34*30 

0*343 

0-5380 

6*404 

60*00 

66*80 

0*668 

1*9950 

23*750 

70-00 

76*80 

0*768 

2*4440 

29*090 

80-00 

115*00 

1*150 

4-1570 

49*480 


DISCUSSION 

A perusal, of the Tables 1 to 9 and of Figs. 1,2 and 3, shows that the 
initial viscosities of sols depend upon the concentration. When an electrolyte is 


Zirconium Succinate. SuLiA) 
0—0—0 Nfzu kcl Q'QO mis. 
^—' 0—4 iQ’Oornls. 

D — o— « i2 oom/s. 



Zirconiom Sjuinafe 
0 — 0—0 Nj-yi Kct /t- 00 m/s 
/J'OO m/j. 
l^>oc m/s. 



added, with the progress of time, the viscosity increases at first very slowly, then 
with appreciable speed and finally, just before the gelling time it shoots up to ^ 
high value, 
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From the rate of change of viscosity, with time, it has been possible to 
visualise the degree of aggregation in the succinate sols with the help of Staudingcr’s 
viscosity relation : 


- KsnM 
c 

== VjVo - 1 

= Vr - 1 

where — specific viscosity 

^/o — viscosity of the medium 

c Concentration 
Km = Constant 
M = Molecular weight* 

The extent of aggregation in succinate sole at different intervals of time have 
been calculated from the above equation in terms of Mo the extent of aggregation 
in a sol at the time of initial observation* The results are presented in column 
5 of the tables* 


SiKonah SoJ.CcJ 



It will be seen from the tables 1 to 9 that a gradual increase in the extent of 
the succinate sols is noticeable in the beginning but near about the 
point whcrc’gel is obtained, the extent of aggregation increases considerably. 

The very steep rise in the viscosity, suggesting a large increase in aggregation 
during the last stage of gelation region, is due to the considerable increase ip 
Struetpration^ essential for, gel formation. 
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ON MUTUAL RELATIONSHIPS BETWEEN VARIOUS INTEGRAL 

TRANSFORMS* 


By 

C. B. L. VERMA 

T. R. S. College, Rewa, M. P. 

[Received on 24ch February, 1961] 

1. In the present paper we investigate the inter-relationships between the 
various integral transforms including the generalizations of the well-known Laplace 
Transform. The transforms considered are : 

(a) The Laplace Transform, 


CO 

</,(/, = j >0 

u 


(l.l) 


which we symbolically denote as 

</> [py / (0 

(b) Varina’s generalization of Laplace Transform (10) 

0 


orh 

(c) Meijer’s generalized transforms : 


/I O' 


(1.3) 


M 


or<^a iP) /(i) 

CO 

(») iP) - / 


K. 

or^,(/>) -=/(<) 


(1.4) 


*Rea4 at the 30th Annual Session of the Academy on February 3, JflCj, 



(i) "the iiankel Transform [(2) (p. 5)] 

g{p)=- J {pi? J, >0 (1.5) 

0 

otg{p)^f{t) 

(«) The H-Transform [ (2) p. 157| 

f (pt)^ H Kip) >0 (1.6) 

gtip)’= J >' 

0 

or^i iP) =/(0 


2. Thtorem \. If <Pip)^fit) 

V 


and P ip) 


kjtn 


/« 


then 


pip) = 


r(2OT+i) 

T (m - fe+Va) 


2 


c + ico 


TT i p 



2w2+ 1, I 

m-fc+s/, 


C — ^CO 


A"| <|^ iz) d£, 


( 2 . 1 ) 


where R (2m + 1) >0, R (*/p) <1 and if ^ is real then ^ > « and provided 
that [ (^4) p* 177] 

(t) / (^) belongs to L (o, co ) 

(it) All the singularities oT (p (z) are on the left side of c i 

(Hi) I <#> (- 2 ) 1 0 {z^) uniformly with respect to phase 2 as j ^ | co 

in the range 

— Jtt ^ phase ^ ^ R («J < — 1 


Proof : We have 


^(P) 


CD 

/ 


■ipt 


w 


m — i 


W 


k.rn 


ipt)J it) dl 


( 2 . 2 ) 


and 


CO 

<l>ip)= f e~^^f t) dt 
0 


(2.3) 


I 95 I 



^ ' , 

then the 

above 


Mcllio - inversion Ibimula for (2.3) gives under conditions (i) & (ii) stated 


€ + i CO 

/w = -.i- / 

e — ico 


(2.4) 


. _ Substituting this value of / (1) in (2-2) and inverting the order of integration 

which is permissible because of uniform and absolute convergence (Fubini’s 
theorem), We obtain 


(P) = 2r) 


« + lCO 03 

j <j>{z) dzj 

c — i CO t) 


■ap-z)t 


m 


m • 


VV 

km 


(2-5) 


The latter integral may be evaluated by using Goldstein’s result (3) viz : 

CO 

( ^ ^ W {^) dx 

J k,m 

0 


^ I’ (i + / dr m) . , r i rlr m + / . 

r(l k + 1) " ^ L 1 ^ k + I * 

R(a2 + l)>0,R (i + / dr rn) >0 
Hence the theorem. 

3« Theorem 2 : 

\ fit) 

, , , , M , , , 

then 


] ( 2 - 6 ) 


HP) = 


1(1 — A ± m) 

r (I - 2 kj 


c+i X 

‘^Ttip j “^1 C 

c % cc 


R (1 - it d: w) >0, R {zip) < 1 


~ k ±jn 
\ - 2 k 



dz 


(3-1) 


and under the same conditions as in theorem 1. 


The proof is also exactly similar tc that followed in § 2. 
4. Theorem 3 : 
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thcti 


///,'! __ r (1 j:: A "i" r (i + /^ + A 4- 2 m) 1 
w - r (I + 2 /*) r (A + + 3/2 + m - A:) 2m ^ 


(4*J) 


tf + l 00 


/ >’'■ [ 


1 + \ +M'+2ni, l±X+/^ 

1 + 2/''jA+/^+^ + m — k 




A + /" 


^ (^) 


c — t c» 


R(lzi:A + /^)> 0 , R(l + f** + X + 2 w )>0 

and under the same conditions as in theorem 1. 


Proof : Since 


♦ (ft = J 


(pt)f{t) dl 


(4.2) 


0 


wc have by Inversion theorem (5) 


fit) 


r (1 - X + /^) 1 


e+t ct 


^ r 

2 TT t J 


$ 




M 




itz) iit)dz 


(4.3) 


r (1 + 2 fi) 

R (1 - \ + f*) > 0. 

% 

Substituting this value of / (0 in 

CX) ■ • 

f ip) ^ j e'^ (PO JPOfit) dl 

0 

and inverting the order of integration which is permissible as before, wc obtain 

* w - ■ 4ii / ^ 


c - 1 CO 0 


r " I 


(^0 M 




(20 


J/ 


The latter integral may evaluated by expanding ^ in series, (11) p. 336 

and then integrating term by term and using ( (8) p. 30) 

r (v + 1 + m.± m) -v>l 
r (v + I ->r m — kf ^ k,m 
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We therefore obtain • 

r (1 d- X + r (1 + X + M + 2 _m) p- X-M-l 
'f “ r (1 > 2~/») t {\ + h h '‘^u + m 2 « 

X + ja ^Fof I ± X + /". I + ^ (i) dz 

< j ^ 3 2L 1 4 . 2 ;a, \ + J + m - k p -i 


C-1 C® 


R (1 j. X + (")>0, R {I + + X + 2 m) >0 

and under the conditions stated in the theorem. 

If we put X = - 3^2 degenerates into 5 F 1 and we get theorem 1. 

5. Theorm 4 : If / (0 and ' /(f) belong to L (0. = ) 
and if g (P) ^ Z W 

K, p — \ f, / I 


and V(f) 


then 


•(> (?) 


^jp-2^-p+iJ J* 


I V p-f/x 


T> 2 ’* 




0 (5.1) 

R f^) > I R (ft) I R (z) > 0, R (p) > 0, R (v) > - 4 . 

Pfoo/: Since g (^) is the Hankel Transform of order v of wc have 

CO 

f{t)=j {tzY ]^{tz)g{z)dz (5.2) 


0 


and 


CO ^ j 

(pip)- f (/0“ ^ix(p^)^^ 


dt 


(5,3) 


Sustituting the value of 1^' ' /( f ) (5.2) in (5.3) and inverting the order of 

. integration wc get 

cy> ^ - I 

c/> (/-) = j g iz) dz j K,, ipt)}^ izt- ) dt 


I 9b ) 



Evaluating the latter integral by (2) p. 375 (21), we get the reasult. 
6. Theorem 5 : If / {t) and ^ belong to L (0, co ) 

and if g(p)=if (t) 
and j) 


then 


xf 


■ m 


V V p4.vP-/a 1— V \/\j 

m integer,/) > 0, P > | R (/x) ] -^3/3, -x<v<| (6.1) 

Proof : Since ^ {p) is the H=Transform of/ {t) we have (2) p. 157, 

CO 

/ (0 = / ) g (2) - J < R (v)J 


( 6 . 2 ) 


Substituting the value of f -^^from (6.2) in 

Cq 

’PiP) =/ iptf 


dt. 


method of § 5, we get the theorem in view of the result [ (2) 
p. o75 (20) J L \ ^ 


cq 


(_lf+l 2^-2 (.4.0 -T- 

1,5 I 16 V -V P + v P-/^ l-v 


l-v 


— m 


2 ’ 2 ' 2 ’ 2 
m, integer, 6>0 R {a) >0, R (P) > | R (/^) 1 -3/^ 


- m 


) 


7. We may utilize the above theorems to evaluate some line-integrals. By 
>vay of illiastration we take a few examples. v / 
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Example 1. In theorem 1. taking 


V — I r* r®i • -^"1 

/iO = ^ ... Pr - t\ 


we have (1) p. 222 (33) 

<!>{p) ... Pr • 

R (v) > 0 

and Roopnarain [ (8) p. 301 gives 

-v'r.r«i — «A. V, v + 2m . 

^(p)^p _ ;8r, v+i+m-A 

R (v + m±ra)> 0, R (i> )> 8 


Substituting in theorem 1 , and putting m 
a little adjustment 


- tz} it = l-fc+ ;? we get after 

- 2 ’ 2 


C-\-lCO 


— V 

^ h 




r(i) .-v-t-i Tjr«i-“fc. +f “I ; /)1 

- rtip ® V + » - > 

R (») >0, !!.(«) >0. R (')>(!. R (. + « - 

Example 2 ; Again in theorem I, if we take 

j (0 =< ^ \ / / 

then [(l)p. 217(22).! 

^ (^) = 2a (27"^ ). 

R (a)>0, R [p) >0 

and [ (9) p. 2731 

^ [p) - ® 2 ’ 4 *0,\ + 


Hence the theorem gives after putting m 2 ’ 


i = 1 - d + 


c+too 


i * [ ‘’d ■• fi 


Vic) 


A ^ 4, 0 / M ^ ^ 

• •2°2!4V^I«-1.<^.^ + fi-’, / 

R (d) >0, R (<) >0- VLiZlp)<i 

j IQO 1 



Example 3 ; Tn theorem 2 let us take 

/(O = i ^ (1+0“'""^ 

then we have (1) 139 

<f, (^) = 2^ r (M) D _ 2 ji R {l^)> R (/>)>0 

and by Rathie (6) 

p — T} f P- - k m P- —k — m, P’ ^ 

fW - rw+T l>‘ - 

R W>1, RCi>)>0 
Putting TJi = und fc = 1 
we obtain 


1 

2 TT i 


f ioo 






D 


■ 2 /* 




r (a + »- 1)2-'“^- '' :L!- p r “ + 

r^) V {byt (f<.) r (M + i) L /^ + a + - 2 


K ia)>0,K(b)>0,R{P)>0,R{P + a -1)>0, R(|')< 1 
I am indebted to Dr. P. L. Srivastava for hii valuable guidance. 


REFERENCES 

1. Erdelyi A., (1954) Tables of Integral Transforms Vol. 1. 

2. Erdelyi A., (1954) Tables of Integral Transforms Vol. 2. 

3. Goldstein S., (1932) Prcc. Lend. Math. Soc. 34, 103-125. 

4. Mclachlan N. W. (1948 , Modern Operational Calculus. 

5. Meijer C. S. (1941) Pm. Nederl. Akad. uM. Amsterdam, 44. 

6. Meijer C. S. (1940) Pm. Amsterdam Akad. ml 43. 

7. Rathie C. B. (1953'54)t/mwr. Studies, phy. sec. 111. 

8. Roopnarain (1957) Gardt. Vol. 8. No. I. 

9. Roopharain (1957) Math. Z^k. Bd. 68, 272-281. 

10. Varma R. S. (1951) Proc. Nat. Acad. Sci. India, A-20, 219-16. 

1 1 . Whittaker E. T. & Watson G. N. (1927) Modern Analysis, 

I 101 1 



RELATIONS BETWEEN HANKEL AND GENERALIZED 
LAPLACE TRANSFORMS* 


By 

C. 11 L. VERMA 
T. It S, College, Rewa, M. ?. 

[Received on 24th Febrnary, 1961] 

1. The Laplace Transform of a function f{t) f L (0, co) is defined by the 
equation 

AsipUj fit) dt, R (/>)>() 

0 

while its Hankcl Transform of order v by the equation [6| 



00 

/ </(o j„ a-o (->0 


( 1 . 2 ) 


Tricomi (7) discovered a relation between the Hankcl and Laplace Transforms. 
Recently Bhonsle (1) has obtained a relation between the Laplace Transform of 
I f (f) and Hankel Transform of/ (0» The object of this paper is to generalize the 
result of Bhonsle by investigating the relations existing between the Hankel 
Transform and the generalizations of the Laplace Transform as given by Mcijcr (3) 
and Varma (8). 

Meijer’s generalization is 

/ {pl-Y\lpt)fit) dt R (/)>() (1.3) 

w ^ 0 

while Varma generalized (l.l) in the form 

O 


*Read at the 30th Annual Session of the Academy on February 3, 196}. 
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(l.S) and (1.4) reduce to (l.l) when X = ± | and 
k m = a- respectively. 

2. Theorem 1. If/(0 and {/, belong to L (0, co) 

and if R (i>) >0, | 1 > 1 5 | 

and iX + 1)>0, R(/^ d* v^X +f)]>0 
then ® 


} co 

= ( X m H I/; I [ rf ^ 


( 2 . 1 ) 


where 


_ r j (/^ + ib X + J) e vd' 1 rd (^+ viX + 'l) . ^ 


V’r r(v + 1 )/ + ^ ^ 




V + 1 




] 


Proof : Since / belong to L (0, os), we have by Hankel’s Intersion theorem 

[(6)p.52]. 


C» 

/(«)= (i|) 


(2.2) 


Multiplying both sides by /-- (pt)^ . K . (^0 and 

integrating between (0, co), we have, after inverting the order of integration 
which is justified by Fubini’s theorem under conditions stated, 


{t‘'f{t)',P }= f I {/, I } 1 I) 




K, 


Now, since (2) p. 137, 

j;, {ny,p\ ^-==^ t P 

‘ ^ J v'wr(v+i) 

X p rf(/*+v±x+|). _ lii 

^ • L v+i ’ p^j 

R (/* + V - |)> 1 R (X) 1 - 2 ; [ ^ 1 > u I 
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the result follows. 

Putting \ = ± i we get after a little simplification 
Bhonsle’s result (1), viz. : 

0 


Where 


Kip I) = T{l^ + v+l)i ^ 

R(rt >-],R(m + v)>-1,R(?) >0 


Example : Taking 




we have (2) p. 81, Hv {/; i 




_ 2 ^-/‘ + ^/. r(X + ]) q3.1 aI»1 4w + v 




-l+x 


- /i— v) 

o / 


-R (v)-l < R(X-/^+®/2) < 2 muA: [ R (a), R (/3) J- j , R (6) >0 
and (2) p. 152 gives 


r f. ,1 _ IT 2^+' r (A+1) « + ^-X-|. s m 
^ ‘ PI ~ y/lT' ^ ^1-a-^.a- 


K 




•A ^ "VV 

R(X) > - 1, R (;>) >0 
Sfi^y (z) being the Lominel-Furiction. 

Substituting in the theorem and putting /*=« + <; v=(f— 1, X=a- c, we get 
after a slight simplification 

f ,2c-3 pp,«. I*1p3,l/P| l,l-«+a 

J " d ’ ~ ^Ji^2,4\rf^n-c+d, a, /3,2-c 


r (g) r (jS ) r (d) a + /3+2c-2 (pib) 


«+i8 P 


1 -a — /3 


r (a) r w 6 ' 

R id) < 2 (c;-2c+2) < 2 max [R («), Rs (|S)1- 1; R R (5) >» 
R(2a-d)>0, R(2c-<)>0, R(l-e + a) >0 
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3. Theorem 2. : If / and Hy { f; ^ } belong to L (0, eo ) 


and if R (/' + v+ 1 + m±.m) >0 and R (p)^ R (^) >0 


'k.m I I = {hnd^ 


where 


t c\ - r* + v + 

y \p> h) P 

2 ’' r (v+i) r(M+v+*/ 2 +m.&) 

V- T7 t + . .til 

^ Lv + 1; |(/^ + v + 2 + m-i±i)’ ^2 J 

The proof is exactly similar to that given in theorem 1. 
The result follows since Roopnarain ( (4) p. 31) gives 


'^k,m j t'" (|/ ;p 


(Uf r* (f* + v+ 14-m±>n ) p-P'-v -I 
r(v-fi) r'(/*+v+s/jj+m-fc)-^ 


^ -c- r 5 (/* + v+*/2 + m±»»±i) . _ in (3 2) 

R (/* + i'+l+tw:;tm)>0- R(/>)>0, 1^! > 111 

Again putting ft + m = I, 4 F 3 degenerates into jFj giving Bhonsle’s result (2.3) 
as before. 


Example : If 


ftp J- 2 /* p /,« A,* I «l-«r \ 


get (2) p. 91 (20) 


H, /; I = - 


^S-2p r + 2,s\|^ P, / 


/l= -l + fi -lv. + 


r + s<2 (/ + «), 


R(a^.- = 


j arg X 1 < (^ + ” 


R (/?j -1^+4’') >-. 
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and by Roopnarain (5) p. 91, 


V 


k m 


t^JlP 


P M !■ ^ 

i:ixrrr^^r + 4,5+2 


' Tt V- 


9^- 


( 


T’ 2^ 

/3i 1 jti — 1 

' ^1 • • • • /^pj 2'^ 


:/*- 1 
4X "0"' 


m, 


+ 


2 

ft — m 


m, «i . . 
2 ^ 


! arg *“ ^ *“ 

] ' X = 

(f 4- 5 + 1) < 2 (Z 4* «) 


- l“?w±m^< R(0i ). i = 1,2.*.,/. 
Hence we get by putting 


A = V == ft = fl4/> - 2c? 4“ I 


and simplifying 


f 


,4a-c-3 




'a. 3+ |j A, I j 
c,d, d + ^ 


-lilp 

ps J'^r+ 2 , A I* I 


L 3f 

[2a - y’ 0-1 


a , 2fl — 
r' 


r (f) r ( 2 d) 

r( 2 fl) T { 2 b) Jr 


X G 


/j n+4 


r+4,i+2 


(: 


- 


i a 


2a-b- ,T- 


i2a-6- 


2a~d~2 “it2(i~d ^ 


R (a) > R (i) >0, R (P) >0, 1 if I > I II 


R(ay+«-2a)< - i,j=l.,.n; 


arg <(/+«- 


R 2a) >-] 1 (r + i-M)< 2 (/ + «) 

R (I3j - 3a+ 5 +2^-)> - Ij R i/3 • +|- -a) > - 1, 
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I am thankful to Dr. R. Bhonsle for suggesting me the problem and to 
Dr. P. L. Srivastava for his guidance during the preparation of this paper. 
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THE POTENTIOMETRIG DETERMINATION OF AROMATIC AMINES 

BY DIAZOTIZING* 

By 

ERNST DACHSELTt 
[Received on 15th June 1961] 

With great interest I read a report about the above mentioned publication in 
the ‘^Chemisches Zentralblatt 13,2 (1961), p. 4118J’ As far as I conclude from these 
short indications (I am sorry not to be in possession of the original work) they are 
identical with the results of my own investigations which I carried out in collabora- 
tion with Prof. Dr. Erich MiiUer from 1924 to 1925 at the Institute of Electro- 
chemistry and Physical Chemistry of the Saxon Polytechnical University in Dresden. 
We published the results of this research entitled “Die potentiometrische Indika- 
tion der Diazotierung und quantitative Bestimmung von Aminen’^ in the “Zeitschrift 
fUr Ekktrocheinie’’ voL 31 (1925), p. 662-66* I beg to draw your attention to this 
publication. 

♦Note to the publication of G. Sitaramaiah and R. S. Sharma in the “Proceedings of the National 
Academy of Sciences, India, Sect. A 26, 129-33, March 1957”. 

t Present Address : Rudolf-Breitscheidstrasse 5^, Graz (Germany). 
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